1- Title of the Invention' AIR CLEANING APPARATUS, AIR FILTAR s/ /7?9
METHOD FOR MANUFACTURI NG THE SAME Technical Field Thi s I nvention
generally relates to an air cleaning apparatus such as a clean roogneg, 1, s
cl ean bench and so forth, which is used in the manufacture of preci'ilsii*‘%‘ﬁ?""f’“@
products such as sem conductor elenments (e.g. LSI), liquid crystal

di spl ays (LCD) and so forth, and has the function of controlling the
relative humdity of the air in the working space and al so renovi ng gaseous
organic inpt¥leief the InvenpipRiculate inpurities contained in air of the

whi ch an e n"’@%m@‘? R e o T, i
inpuritiesﬁ&%%Fgéﬁtkfﬂﬁﬂfﬂg gﬁME

of the working space, and further
relates tPechniBahOFiefidr manufacturing the sane. In the foll ow ng
descri ption, thfhexpression ' air cleani ng apparatus' see tg be too
general, so thati}}S yiBYeThbl O fanarad 1ys Tiedat esc t8asn rdbic iM% an room

or the |ikegppépatuersudh acd acal e @ndronCcret e g daymdhnadidngo dforithg
i nventi on. gacﬁggounddgrt . |t ig wel | .known t.hat a 8Ieﬁn rogm a clean
bench and BBIER 4 & SGdudPyt e e nide camTiEnof ¥ 4iiodOisPhe SWERE S HY ur i ng LSI"
s and LCD as. demidorsdwnoer ielemzane sof (enguf dQ1r,i nyiqu DRAM0Ofs thrlnegabi t
froma barg; (sifldmon fer), e .S 4r | r a ' d or
nanufactur&ﬁégﬁggg agﬁgﬁstPﬁg §¥)tﬁépﬁénuF§gtgﬁﬂ%ggg?esiﬁgkgggoﬁi 200.
Al so, in casetoblidngf e melng ioveTEIndfitheo® the simpd nf tbhenweoteirng gl ass
plate (LCD t el kS I | p. 1By d l'ine
consisting3§?p§H%ﬁ%gﬁfféggé?V%ggéggﬁgﬁgﬁOaﬁggEQSQQEFHﬁgﬁ%%gghﬁ;hu acturing
line, it ipanticpdesieimpuni prescposaioedom phunfstle sonkdpat swawdj ect good
e. g. siliggprenphetienlbEPySUDRET Al Pedf PR IF OGRS &Q RhOSESSE HPyd© the goal
w t hout | ea Lng t he opj ect o%q I n any stﬁndby posi tion. )

which can be installed 1in " such apparatus for removing

gaseous organic impurities contained in the air of the

working space, and further relates to a method for

manufacturing the same.

In the following description, the expression air
cleaning apparatus’ seems to be too general, so that it will
be expressed as just 'clean room’ or "clean room or the like’
for more practical and concrete uﬁdefgtanding of the
invention.

Background Art

It is well known that a clean room, 3 clean bench and
so on are widely made use of in the process of manufacturing
LSI’s and LCD’s. For instance, in case of manufacturing a
DRAM of l-megabit from a bare wafer (silicon wafer), there
is required a semiconductor manufacturing line consisting
of the manufacturing steps of about 200. Also, in case of
manufacturing a TFT of the 9.4 type from a bare glass plate
(LCD substrate), there is required a LCD panel manufacturing
line consisting of the manufacturing steps of about 80. In
such a manufacturing line, it is not possible in practice
to continuously convey the object good e.g. silicon wafer
or LCD substrate from process to process up to the goal
without leaving the object good in any standby position.



2 Consequently, it may happen that sem finished products are held in a
certain place or area for hours being exposed to the air of the working
space. For instance, in the manufacturing |line of the TFT-LCD, the
;hal f¢finished LCD substrate which has been finished up to the formation of
an electric circuit through the prior steps, is left in a standby position
In a proper carrier or a storage co%partnent or roomfor several to several
tens hours_being exposed to the ordinary clean roomair. As such,
when the GonsequersEy, ot may heprenghatasenaténishedipradic oy @rgary cl ean

room air fi] @ 400 cleirfain b1atkesr haPPETR A BRlr SORBI £F A s eist ances are

deposited an the surface of the wafer or the, LCD substrate., 1f_ such
t

deposi ti ont8 GridanPl stb&t Kt M cSPEce; ¢ sd@5ERBCLo| | Yhi tfean
i nconveni eidngf &t turThgt1ige 6f flei TETHECD,NOt nuitdel f-1imilshied?)LCDs formed

on the silicon wafer ,surface pon whigch, .organi ubst ances ar deposi ted,
The. car boHIRBHHRREMI Y fes Brghnt ErLalted 3hcko e 2hTBACRON AhaR © ho
silicon diekécderitc! mirehich thedugdhs the pitdecitéps,stitengefitofint ke silicon

di oxi de fi] | epk bei [ d :
Furt her mor 8t S0 8o T EKRTC (O Rt FAREGE o) & rbs T4 ABosc

Cﬁnt act betowpartihensidy mrmmwﬁbﬁrseswﬁzak:etoamdvearaphctt;mrseh?lsfs fHeliﬂlﬂgﬁppl i ed
thereto, t usin aj ' h g XPOS and etching in the
photolithoggé%ﬁgg %%rggésé¥gigﬁ%prégggéiﬁ&gﬁiﬁffhcorrect formati on of a
circuit pattern.As rsuchli twhem thdsoipicon wifeherothanlCD sutsttarades resul ts
I n increas] Ul f.ace L St.L Vi f L] QX I l.mp formed on
t he silico%Pga#QstﬁLﬁ%% 8g§§g§Eyh%I%??fﬁ%ﬁﬁﬁgkeggfglggﬂgangé’éﬁ%rged,
thereby epEtendwacnénsithpt aemeraygapia substascassaror deropated dres

thereon, eRd sueddicly ool NfathPeodli QhRCUODC dyrAakdw) teragdy Still

further, if organic inpurities contained in the clean roomair are
i rradi at edd®poshEiant of Q8AR1G a§ubahRRERE PEEHT She LoptGaddesi e unent s,

an opti cal f&VDowgagt AR d diied Pdeet RItAZR .1 Thhbei &) edahopm@ldtiEP t hat
product s QSQ?E%tfglkh&ﬁﬂﬂﬂ %gcgbrmed on the silicon wafer surface on
which organic substances are deposited, the carbon
component of the organic substance is captured within the
silicon dioxide film, which reduces the dielectric strength
of the silicon dioxide film, thus a leakage current being
increased to a great extent. Furthermore, adsorption of the
organic substances disturbs the close contact between the
silicon wafer surface and a photoresist filmapplied thereto,
thus, causing failure in light exposure and etching in the
photolithographic process, and resulting in incorrect
formation of a circuit pattern. In addition, adsorption of
the organic substances results in increasing the surface
resistivity of the silicon dioxide film formed on the
silicon wafer, which causes the silicon wafer to be easily
charged, thereby electrostatically adsorbing the fine
airborne particles thereon, and readily causing the
dielectric breakdown thereof. Still further, if organic
impurities contained in the clean room air are irradiated
by the wultra-violet rays emitted from the optical
instruments, an optical CVD reaction might take place in the
clean room air, so that products generated through such



3 reaction mght stick to and cloud up the surfaces of the I ens and the

mrror constituting an optical instrunment such as a |light projector,

t hereby reducing the optical efficiency. Organi ¢ substances cont ai ned
in the air of the working space can give a simlar ill influence to the

gl ass substrate as the LCD substrate. In case of form ng an anorphous

silicon film(a-Si) for use in a thin filmtransistor (TFT) on the LCD

substrate, if organic substances contained in the air of the working space

i s deposi tré@odn ahaigdn stbek e eng grlioadeyp ith eagar fia ¢¢ s odrthee descl ose

contact betneehd i o cfoin's'Piac’ﬁT@lih%eahCE%%i’E’éir%&ﬁkﬁérﬁf%uhc’ﬁsageswi bed
in the above, organic substance flying about n the alr of the working
space is reeARBRtaRTreiectart &hetr@btyerfzg%vw tde ephbrel €44 ciessvpl e.

On one hand, it QrgdiisSsRbethAcesEMR ditfe PiAAHLaSHRT BREGoFRRAGI ted on
the substrate surface by song cle I nst ance by

y I ng met hods, or

means  ofSRAGE S8ROF EYS 8 HHRL 14BAd fluepeataithy gbashisybsrtaatieng net hod,
oieier, S5 SO Rt eetaier soskesamerisbaphagE sy, ©
gl Zéﬂgng ;%lf]:{?g ‘m%roﬂsesﬁﬂg?r je‘é%i’%ﬁ%'anﬁétsﬁpél Kfﬁ)r éﬂhégﬁg
producti vil(D Sferentdve, therafgumric isabaddnkie@ncbat Bl Abd eh WHe aliggard to
the 3 Ao haUshiate Sy ace FoRETIRARCRe R Y TRE L
space, theswefpceponceragasnf diaserdbontive gahose i cquirddt esetderh tdtei | | exi st
The br oductToh bl angr+ e At RhBEPEr TRaTR e A St d Rt Bl hrce T T
the articl&bene, t bedahkor e;(uhstta@beAifdlydmlge_ahmmecdlmmh@miamqfatﬁ}an Limts
Transtor POZoRbEEAPELE" 5 LIRS Ven RIERRTBEPERIDe relonolANO 0\
organic co%@@hiﬁéﬁtaéoﬁ@ﬁéﬂbﬂével (all owabl e surface contami nation val ue)
s ?Lf;“iﬁ??e?@mgﬁe' ReAdS he tf sl Y bTaP & Ireddvd Nendi GEdiasion, the

subs%ance deposited on the substrate surface by some

cleaning methods, for instance by means of

ultraviolet/ozone treatment. According to this cleaning

method, however, at least several minutes have to be spent

for completely cleaning a single substrate. Consequently,

enormous time has to be shared for cleaning a large number

of substrates, thus naturally reducing productivity.

Recently, therefore, in addition to problem with regard to

the Si and LCD substrate surface contamination caused by

metallic impurities and fine airborne particles contained

in the air of the working space, the deep concern is focused

on organic impurities which still exist even in the clean

air of the working space and give a heavy influence over the

production yield of semiconductor devices and others. For

instance, in the article entitled ’Forecast 0f Airborne

Molecular Contamination Limits For The 0.25 Micron High

Performance Logic Process’ of Technology Transfer

#95052812A- TR published by SEMATECH (U.S.A.) on May 31,

1995, the organic contaminant control level (allowable

surface contamination value) is discussed and made into the

following Table 1. In the discussion, the article writer(s)



4 forecasts that in 1998, the allowabl e nunber of carbon atons on the
sem conduct or substrate surface should be limted up to 5 x 10[err] carbon
atons/cnferr] before processing and 1 x 10[err] carbon atons/cnferr] after

:processi ng. Table 1 Requirenments 1995 1998 2001 2004
2007 2010 (Year) Feature Size 0.35 0.25 0. 18 1 0.13 0.1

O (mcroneter) 0 4 0.07 Front End
Processes Organics (atons_of 1E14 S5E13 3E13 1E13 S5E12 3E12

C cnerr]foBackskrdt e bdass98Bgatieccel {avahte gfumber of cEXbon at@s | E15
lEIS <l Bhotid Cs‘glﬁrc{c%r?duc or. sulﬁ'grt?%‘efe @rffc&@ﬁﬁ??ﬁ'bé )l ﬁn‘?”ceﬂ as an

activated charcoal been ysed as neans for adsorb hd renDV|ng
gaseous ot8ahi ¥ eruﬁﬁtfl (23 \%PE‘E/QF‘e bafiqne pyecassdasi andnk ’E:qé)aned air.

pr edet er ncaed o@0RitdIMI e natherf protessangower which is filled with
activated charcoal is well known as the nost popul ar and sinple chem cal
filter. It is also well known that a chemcal filter is fornmed in various
types. For instgngge gone chen1ca| fllters are nade |n t he forn1of a felt

by i nt er weaving—tTbrous—activated UIFOI‘I“H F—wi-th—a—binder—of—potyester
having a R@hﬁ?k%h@ﬁt@o'”t or nonwoven pol yester fabrig, and tlhe othens are
formed by Sng granul B99%ct|i vEAER carddl on &60dr ef hade7f gand ®I0
nonwoven PﬁE with a |proper adhesiveland then

Feature Size |

(micrometer) 0.35 0.25 0.18 0.13 0.1 0.07

Front End

Processes

Organics

(atoms of 1E14 | B5E13 | 3E13 | 1E13 | 5E12 | 3EI12

C/cm?) !

Back End

Process

Organics

(atoms of 1E15 1E15 1E15 <1E15 ; <1E15 | <1El15

C/cm?)

Heretofore, a chemical filter such as an activated
charcoal filter has been used as means for adsorbing and
removing gaseous organic impurities which are still
contained in the cleaned air. A predetermined container in
the form of a tower which is filled with activated charcoal
iswell known as the most popular and simple chemical filter.
It is also well known that a chemical filter is formed in
various types. For instance, some chemical filters are made
in the form of a felt by interweaving fibrous activated
charcoal with a binder of polyester having a low melting
point or nonwoven polyester fabriec, and the others are
formed by adhering granular activated carbon on an urethane
foam or nonwoven fabric with a proper adhesive and then



5 fabricating it in the shape of a block or cutting it in the shape of a
sheet . In case of a clean room of which the ceiling is used as a
clean air outlet, the nost effective filter arrangenent for renoving
:gaseeus organic inpurities in the air nmay be achi eved by arranging the
chemcal filters on the upstreamside of the particle filters installed in
the ceiling portion so as to entireby cover it. However, according to the
Fire Laws of Japan, activated charcoal is classified into an inflanmabl e

materi al wmcmgtmum chbyshiegriofea bhock Wr autednigont tim thee.
Accordirmﬂiy in v ﬁi e disaster prevention, it should be as avoi ded as
possi ble t ah% ah e tHeeChemical filter usi ng activated charcoal on the
backsi de of the Ioridaseyodf at bkeshemmom adfmwhich th®heetl Emg rsoameflor use in

the manuf agt ure of j Ly %b oat@e@ L@% pﬁs%“eoipfé $ dah ﬁt@@% angte%e%e wor ki ng

space, the clean alr berng y contro erature of 23
to 25[err]f @mcr%tncr@rwlwmﬁ dingargfc 4@P@‘¥q1trl§§pééttbéliylr ImngebﬁeraI

however, nc?/@é&dof*&%&(‘a%%'m@a%h@ yﬁémwpkflhwz%pbﬁbtﬁe WistirRansO that it

adsorbs not_ o eous organic jnmpurities but, al so a onS|ceragIe anmount
of nnlsth%ﬂ@%eﬁ |ft & Pérﬁﬂééédﬂlﬂﬁﬂﬂ§aﬁ&sﬁﬁﬁkﬁilb%e& 8i rcédidfdnces. The

adsor pt i Orbtﬂf'ﬁif'&ﬂxté/o Ois n@ Setdtrl%e'ln; Tc*&%e%' EthHéﬁEH{f‘t e@c@&'@dﬁ@'to' s rapidly
i ncr eased hE nB Zase of the rel gtlve %QL djty. For nst ance,
after hol dbh g Fieen AKE| 96t AP BRar EORI Y AHS o H1C AR Siied i n a

contai ner fatdad thaﬁmeYeadartemfalt @r§u§pwn\daie%t@h@rtt19ajeq@@@r uptly

transferred to,t room angd. exposed to.the clean room air _of which
Lhe T enper GRLF B0 < 2568 198 &1 | (i S RREOFIBE Ve hnTaFTy ofs 48105

activated ¢hsasver pwenehbisor i tashaupe pant atyi oéd ras poesébbeftare
frosh activordfbl BIE TR EPEPPE Xn akhibiPef 1R Ral bhietls (512,
room the hacksidg bévéheoteuhensupﬁltbd aleansrbomered due to the |arge
amount of DI StUfRe ¢clean room for use in the manufacture of LSI’ s and
LCD’ s supplies the clean air to the working space, the clean
air being typically controlled to have a temperature of 23
to 25°C and a relative humidity of 45%10%, respectively.
In general, however, -activated charcoal has a very weak
hydrophobic nature, so that it adsorbs not only gaseous
organic impurities but also a considerable amount of
moisture even if it is placed in the air conditioned
circumstances. The adsorption quantity of moisture in the
air by activated charcoal is rapidly increased with a small
increase of the relative humidity. For instance, after
holding fresh activated charcoal adsorbing none of moisture
in a container filled with a dry air, if this activated
charcoal is abruptly transferred to the clean room and
exposed to the clean room air of which the temperature is
23 to 25°C and the relative humidity is 45+10%, activated
charcoal would adsorb a large quantity of moisture before
reaching its saturated state. Accordingly, if the chemical
filter using fresh activated charcoal is installed on the
air supply side of the clean room, the humidity level of the
supplied air is lowered due to the large amount of moisture
adsorption by activated charcoal, even though the humidity




adsorption by activated charcoal, even though the humdity

6 is controlled at a preset |level on the upstreamside of the filter. If
the humdity is | owered exceeding a preset level, it would facilitate
;generation of static electricity, which often interferes with the

manuf acture of LSI' s and LCD s. In order to solve this problem the
manuf acturer of chemical filters u$ing activated charcoal is requested to
carry out a very conplex work prior to their shipping the filter. That is,
they fi rsussuoneyonmedtsﬂmmtelsree hade hwv dihmyupétfémh rs1Cdd efitthe clean

[ t | ppI the,filt d th t |1
a1y Eh T L sthed BYBTRE Tyt Lpme e fpdi i a o Shnd heRFbn ty | avel
in the cl |1¢nw0u1;dcﬂaainlirm gandratibherf amaum@ﬂdmmaw twkeidum dified
[l Ler T O SPRideiesolieh che MEERLERLe 10 IS8 ghiterbpver ype

general ly i'oneff 1l eng pressure | oss
(vent resﬂ@t@ndey msptlyedﬂamamblm oﬂee nanufaatunemafabhenicel of the

felt or shaaldesingGEeplabby R4 iieerandoshousd Q%r%gsegptlon

efficiency i n adsorption of organic 1Inp I ffer
from t hat aoVGFMeCQ’mJe#x e Enemdeq thpnre&hlméhe fiildrex . Eha

possi bi | i tjy tmﬁbyth@rétléxﬁrv@; thigi §ew&ﬁaf@f/e aGid H mﬁdﬁwroqetﬁélgaseous
organlc |nﬂur|t|es Mor e SpeCIfh a ro Xlsti I N varl ous
adhesi ves Cdded ¥ oF Gligdn oo @Ay etpvat*ébiehhas lcpéalrtmt gefpdseriilter

gedl af(let ahd &eré\dp\t@xréyf dlrtied)t iaRg/1Q% ﬁ@ahumeynﬁ@rm@ew% karthi xi ng the
ase | er

hatothefllter frage n; prene resin,
ur et hane r"@sqtn &pdky TeRRETaLyg @ h‘l”é%iihw &yve aFE t'f}yf’pic 4BRY §sed as an
adhesi ves,clamfh nesgi,enend ubberhesidicons ghtibermachd aheah@mildypiedl |y used
as a seal ANLS, ({p Sh#ﬁlplel{ tﬂé eaodlﬁOSSi bility that gaseous organic

r

| rrpurltles orl g| na om hese adhesi ves and sealing naterials are
i ncluded in the Aalcfherma&ealngfltlmeauglf the tbeetctypéigemaradid mag gi ve an ill

Lﬂglmuggfe Hlﬁﬁe%%gm;‘gl%;ﬁt P??é?ﬁgaﬁg} Wl{q:t REsAeKiGRSprd S5 '§hsYor ds, the

(vent resistance) as its drawback On one hand, a chemical
filter of the felt or sheet type is acceptably ventilative
and shows the adsorption efficiency in adsorption of organic
impurities which is not so different from that of the tower
type chemical filter. However, there is a possibility that
the filter of this type may act as a source of gaseous organic
impurities. More specifically, the problem exists in
various adhesives used for firmly fixing activated charcoal
on the base filter media (e.g. nonwoven fabric) and/or
sealing materials used for fixing the base filter media to
the filter frame. For instance, neoprene resin, urethane
resin, epoxy resin, silicone resin, etc. are typically used
as an adhesives, and neoprene rubber, silicone rubber, etc.
are typically used as a sealants. Thus, there is a
possibility that gaseous organic impurities originating
from these adhesives and sealing materials are included in
the air passing through the chemical filter and may give an
111 influence to the manufacture of semiconductor devices.
In other words, the chemical filter of the felt or sheet type
may remove the organic impurities of the ppb order contained
in the clean room air, but it releases gaseous organic



may renmove the organic i'npurities of the ppb order contained in the clean

roomair, but it rel eases gaseous organic 7
inmpurities by itself and again m xes themw th the clean air once filtered
by itself. In general, materials which rel ease gaseous organic

I mpurities as nentioned above are also included in a constituent of the
particle filter for renoving particﬁlate impurities. This filter is
typically arranged on the downstream side of the chem cal filter for

adsor bi ng IREGUsE &% §ani tsel fand egasn niges tham vithethareiearairiiter may
undesi r ablgh @€t f 85t @r SRSHPUBL 6 DANI C i npurity source. A JP unexam ned

patent publication No. 61-103518 .and a, JP, unexam ned patent publ.ication No.
3-98611 respectiﬁhﬂ%ﬁ%ﬁ%ﬁi’OQQ §rﬂﬁﬁ§eyhﬁﬁpcﬁet%ﬁﬁ% %ﬁ#%&ﬁ%iq5ﬁ9n6§ed as a
gherr} cal dfz':crhheritiréls fagr nme n phd eed dahbkfiecr:]adxie?_nladiesc_riintm]glsld@dgi ifea which is
evel oped for repovi ensi ve qdor. is.filter is for i ersing a
base mat er(i%rfséhg‘[ﬁ)eiég%fﬁ)gt%tequ&aﬁf?’geﬁrfogqﬁﬁgﬁglg%lp@tr{{?}ﬁugﬁﬁteai ni ng
acéiVﬁteddbmenbaieﬁowdéﬁs aﬂ?bsbveimf thpieﬁhlﬁimﬂrhmmed acwl shlei d acid,
and then | ' I a | S fi I oMever. aQrgani c

subst ances&%&fggb&%‘f‘gg dfeeﬁga{:g’eed&ﬂ%‘?lé?\jf ?/‘E%fl;tgﬁ %regg;slﬂ?ﬁgﬁggsasre@%%er | at ex

and ot herorgagini cinpohieti as disspetbatd thsedpastikdeadhtbter aofayt he

enul sion t S r h ' f ot her hand,

t he above ?@??%?P%%?tn?°%u§$}%a§?§%8%£§€f¥‘@gggﬁéﬁﬁ%kﬁy5§héﬁyﬁws devel oped

for renmoving harkfll ugasaaiaedi peheri e wWioicagamae. hohahl ek @nd Thi s

filter rGQEUWeﬁnﬁﬂﬁﬁﬁﬁéﬁuﬁﬁteifp%%1&@%t@@§QRpeBL9€B@ltF§%§¥é¥¥Vdeb!nder as

Subst ancesti GhIERe & £1MESE MR 580 hact aRAGF 6 BkbMSPAS DR AhRS kikdan: ¢
bi nder in fhetpubl That formevaganenerphblicivioel toseribewlesifidljer gaseous
organi c supstance by th elves. . As a.filter of,.thigs kind, a JP
unexani nedwﬁéi:@n]ts §Gﬂ|eﬁ88€i%gﬁ°ﬂo?ewlé¥o8§§et’§b"%a"c@rﬁ’ E(IB.ISZI(,S1 . 767) and
an unexam hedfonmednby i Dived r pimdg | € dtd s Mea.er'\MAA1516874s(dRirethane
foam in an aqueous solution containing activated charcoal
powder, adhesive of the emulsion type, and solid acid, and
then drying it. In case of this filter, however, gaseous
organic substances may be also released not only from the
synthetic rubber latex and other organic adhesive
dispersoid used as the adhesive of the emulsion type, but
also from the urethane foam itself. On the other hand, the
above latter patent publication describes a filter which is
developed for removing harmful gas and offensive odor
against human health. This filter requires combination use
of the adsorbent and the organic binder as a necessary
condition. However, polyethylene and other organic
substances, which are described as preferable examples of
the organic binder in the publication, may never fail to
release wundesirable gaseous organic substances by
themselves.

As a filter of this kind, a JP unexamined patent
publication No. 63-310636 (JP Patent No. 2,579, 767) and an
unexamined international publication No. W091/16971 (JP
Patent No. 2,579,767) also describe a filter in which an
adsorbent such as zeolite is fixed to the surface of a



Patent No. 2, 579, 767) also describe a filter in which an adsorbent such

as zeolite is fixed to the surface of a 8
honeyconb matri x having perforations by using a water glass and ot her
.1 norgani ¢ bi nder. Accordingly, an object of the inventionis to

provide a filter which is safe and reliable fromthe standpoint of disaster
prevention, and neither disturbs tHe controlled hunmidity of the clean room
air nor rel eases ghaseous organic inpurities bg itself, and can renove even
a very snmaloneyeomt mptafi xghsebng nenfanationsubyiissngeematereglanst he

wor ki ng s o il Sﬁ%ﬁoﬁgfgtgfygdélhe substrate surface from being

contam nated w t \ I npurities, Another object of the invention is to
provi de a net hod GO Gigdivac8ar Phde ¢ ho T the ek van tiad f8nkd PABFGEe Stil |

anot her oby qqt] tQfr tihe chnYensa o8 4:5d tr® Mg ramCt BANs Y AARIP At Be | i ke

equi pped v&',th the filter as nentioned, above | osyre of th vention

.Di's ? I
Accor di ng IS aHET REST§ BN 0B nedRd | RELhRS b thsedhe somtarldRd | ke

havi ng an Haini ¢i ¢ £ Wiathenc 'eghayonma Wi £dr Glel@ulsalsesa § 6isu ) WFiglinti g _
controlled air_thr ougg a.ﬁr ege%t ermned air circulation wherein
Patt Sie

ath,
said air CIREALEHN pr ARG THIQYE afYeR | Pt EETWNiSER 1Ras a
hydr ophobiquazepi £ ¥ eof agaEeb@smee gan iict 9 mpagd thielst @bnARdhadsynf age and
another air_filter which |§ d|§ osed .on  t.he 3 wnstream si de of. the filter
havi ng a MERFSHHELFRACEo! TRETERYePTRTA oitd hs AR GUOSHRANENS PdRCPeul at o
i mpuri ti esfromt diedad i conhaninated awiing asuch Adapudingeso tAmothelrean room
gaseous or | Cq riti.es: enpved fr ai_r ¢i atd ng in the
cl ean roon‘?ﬁﬂ?ﬁ%uﬂ]o&éﬁ nbﬁfﬁ’épﬁ% (rJELFSt yq8f fﬁ&e& {gfer gl aﬁﬁé&gi rfl.or}Si nce this
cl ean roonnamef acitur hog athé¢ fdtlde rcharmemt 1 awe ¢ abioy ei. n$t hhhredniat hetrhe
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According to the invention, there is provided a clean
room or the like having an air circulation mechanism which
circulates the humidity <controlled air through a
predetermined air circulation path, wherein said air
circulation path is provided with an air filter which has
a hydrophobic zeolite layer formed on its base filter media
surface and another air filter which is disposed on the
downstream side of the filter having a hydrophobic zeolite
layer and is used for removing particulate impurities
contained in the circulating air. According to this clean
room, gaseous organic impurities can be removed from the air
circulating in the clean room without lowering the humidity
of the circulating air. Since this clean room includes no
activated charcoal which is inflammable, the apparatus is
excellent from the standpoint of disaster prevention, and
the filter of the invention can be installed with safety in
the ceiling portion of the clean room along with a particle
filter. Furthermore, it is preferable for the filter to be
constituted only with materials which generate no gaseous
organic impurities.

In the filter as mentioned above, the base filter



constituted only with materials which generate no gaseous organic

i mpurities. In the filter as nentioned above, the base filter

9 nedia is preferably formed in a honeyconb shape, and includes a
.hunmber of tiny vent pores therein, and hydrophobic zeolite |ayer is
firmy fixed to the surface of the honeyconb shaped base filter nedia
(referred to as 'honeyconb structur®' hereinafter). In this case, this

hydr ophobi c zeolite layer is formed by i mrersing the honeyconb structure in
a suspensimeniian mhimhdﬁﬂhzhﬂumﬁhrmedlﬁne powmmmymsmbisﬂ&nsﬂd aadd t hen

drying itn kN ob er b y f d to the
surface of Z“%ﬁ ? ngmg%?ucture%gb%' SW fpor@adﬁé‘&%\??n Th% oneyconb
structure hvsirpxpéfcr}nablzwoflortme&labyrm ﬁgrmdaoﬁm@d itol the suntfacieabf  such
as I nor ( e | e comgo [ ejth cl ay

m neral s g"?{gcg?m u*r?‘%?l éﬂ?g%ﬁ Q%%Q hobi ¢ znlg %e gféef&lf% Jc#’mggan

ef fective pome Ynantet éﬁrbﬁt‘?r&ngéltelr@r#ﬁlacfﬂe Fe. fFuﬂtltﬁar%ﬁl%, thésparticle

filter shqy &&‘ﬁ&ﬂ@ec}geﬁ&@l yw%eru%' Sfybhed %efnefﬁ&mggagﬁ@us organi ¢

i mpuritie Accor he i nvention, there is provi afilter
havi ng animﬁﬂ'? s teyet W‘u’c’h 3 SYTRIRH Yy ¥ whiphr hyid ﬁ@pgé Efte for

adsor bi ng gasleots ﬁwgﬁfl" Ggl WHBEE&@& cond ad ad d'r'?lhﬁefd\m&qlm ghace to t he
surface of, a, su

subst ance RALP eSPt]nl§e h%?égﬂ{ag Eﬁkfs‘tréﬂc"a}&ﬁ%d g@sgg‘bls&grgg&r‘};cor gani ¢
| npuriti eSofanﬂhé\asomayebﬁbc:tsltyacmore Blyamfa(ﬁrs Ioafr aer aldharivieat Thk zeolite.
Al so, the .inventi { gels aflltere \M% tfhere are _provi.ded the
first adsdtiR§EH O%yeg TRELRT RS £8r mRd edy TR |l|¥1y PEREAg gé(ol iUSé Deor
adsor bi ng sti@%l c nsmmxrxa]lses carethai nad i nindegawi ki ndidbpace to the
binder . antt T LEREEEEE lunorlchh) 'E0 01041 AR ARRGPAN L ERELANERLD, 5. g an
i nor gani ¢ @Qﬂo@tmcelimcahe stivlzophebichgeolite Dreferablv has an
effective pore diameter of 7 angstroms or more. Furthermore,
the particle filter should be formed of only materials which
generate no gaseous organic impurities.

According to the invention, there is provided a filter
having an adsorption layer which is formed by firmly fixing
zeolite for adsorbing gaseous organic impurities contained
in the working space to the surface of a supporter (i.e. base
filter media) by using inorganic substance as a binder. This
inorganic substance can adsorb gaseous organic impurities
and has an effective pore diameter larger than that of
zeolite.

Also, the invention provides a filter in which there
are provided the first adsorption layer which is formed by
firmly fixing zeolite for adsorbing gaseous organic
impurities contained in the working space to the surface of
the supporter with the help of an inorganic substance as a
binder, and the second adsorption layer which is formed by
firmly fixing an inorganic substance to the surface of the
first adsorption layer, the inorganic substance having
ability to adsorb gaseous organic impurities and an
effective pore diameter larger than that of zeolite, In this
case, the inorganic substance used as a binder in the step



first adsorption |ayer, the inorganic substance having ability to adsorb
gaseous organic inpurities and an effective pore dianeter |arger than that
of zeolite. In this case, the inorganic substance used as a binder in the
:St ep- 10 of the formation of the first
absorption | ayer may have an effec%ive pore dianeter |arger than that of
zeolite. Furthernore, the invention provides an air filter in which

zeolite for sofL bin aseous .organi¢c ippurities contained in the air of
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effective poré di arger an“th of Zeoll't are firmy fixed
to the sust@perdfen.-hdnstbpsrease, the inorgenésestibstance aseduss arenti oned

above, 11 piel! |4 AFESLH! PIsLoud Nor koYL iyt tligema opld Lgn having an
effective pore dianeter of 8 angstrons, the filter can adsorb gaseous
organi c i gpdeicthide Qane dkiaxet eind amme rofthami dhathefnsrediter size is Iless

than 8 angstrongy iHQWeyekheWheRht i FPEREI SR PRAGLONSs HrdankCEi MPEFi ties such
as BHT and sil gxane of,mhlgh ths nngecular si ze of more than, 8 angstrons,
the filtertPifgHC Zieo lideadesr BAFar BERe (BRTNILS AN IC iiABUFities as such.
However, swoltdimsd ihitdse edn ok thdsptieichdypébe ifsi pé ble ticzad dshggt o t he
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pore diameter larger than that of zeolite, and are firmly

fixed to the surface of the supporter.

In these filters as just mentioned above, if the
filter according to the invention utilizes zeolite having
an effective pore diameter of 8 angstroms, the filter can
adsorb gaseous organic impurities such as DOP and DBP of
which the molecular size is less than 8 angstroms. However,
when it comes to gaseous organic impurities such as BHT and
siloxane of which the molecular size of more than 8 angstroms,
the filter might fail to adsorb larger gaseous organic
impurities as such, However, such impurities can be adsorbed
by the filter according to the invention, because the filter
additionally employs an inorganic substance having an
effective pore diameter of more than 8 angstroms. The
above-mentioned 'binder’ can make not only the zeolite-
supporter bond, but also the zeolite-zeolite bond.

In the filter according to the invention, 1its
supporter can be formed into the honeycomb structure. In
this case, it is preferable that inorganic fiber is used as
an indispensable component of the honeycomb structure as the



In the filter according to the invention, its supporter can be
formed into the honeyconb structure. In this case, it is preferable that

i norgani c-fiber is used as an indispensabl e conponent of the honeyconb
.Strueture as the supporter. If the constituents of the filter, not
only the supporter but also an adsqibent such as zeolite, a binder for
fixing the adsorbent to the support r surface etc., are selected from
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space achieved, for instance, by immersing the supporter in a
suspension in which at least an adsorbent is dispersed and
then drying it, or by blowing adsorbent pellets against the
supporter surface which is made adherent. These adsorbent
pellets are pelletized from the mixture of adsorbent and
inorganic binder.

Furthermore, the invention provides an air filter
having a casing filled up with zeolite pellets, which are
pelletized from zeolite capable of adsorbing gaseous
organic impurities contained in the air of the working space
by using the inorganic substance as a binder which has
ability to adsorb gaseous organic impurities and has an
effective pore diameter larger than that of zeolite.

Still further, the invention provides an air filter
having a casing filled up with zeolite pellets, which are
pelletized from zeolite capable of adsorbing gaseous
organic impurities contained in the air of the working space
by using the inorganic substance as a binder, and which are
further coated with an inorganic substance having ability
to adsorb gaseous organic impurities and an effective pore
diameter larger than that of zeolite.



by using the inorganic substance as a binder, and which are further coated
with an inorgani c substance having ability to adsorb gaseous organic
impurities and an effective pore dianmeter |arger than that of zeolite.

A2 . Simlarly, in these air filters as nentioned just in the above,

If the filter uses zeolite having an effective pore dianeter of 8
angstrons, the filter can adsorb gé@%ous organic inpurities such as DOP and
DBP of which the nolecular size is |less than 8 angstrons. However, when it
cones to gaseousd idkighan ky.i ngutibeisesasnchi bise BHRsaBanSi pBRANBISE 1Whi ch t he

ol ecul ar ehe Sty ET £f IR £ IUSUSATP 26b18 16! hAPIng Silllefifds i@ adsorb

such | arger gaseous organi ¢ Inpurities. Fbgever, suc npurities can be
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uses an i ngfgaRNLE iTPUTtivics Bavh g POP &fnfdeBBP W& WP ¢h dhaRilefcydfarore than
8 angstrons, The s?age agd dpnmensi on of tﬁe casi ng .and t he anmount of
adsor bent HeFfetd t85Bet ﬁﬁrgeangﬁé}"@%sth CEAV e I i hePRSER on the

shag_e of agasébow qaddniclihpatriteekiddidcnbisBHRaAd, s Elvkddwe of naiiadl ation
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design of The T yacu ¥ 5128 SLEBK LR SRS b f T e idN
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and the ingFgaritqveulbslaneeiadserPiNdand the installation condition
of the filter. This would give considerable flexibility to
the design of the filter.

Zeolite used as an adsorbent is either hydrophobic or
hydrophilic. The moisture amount adsorbed by hydrophobic
zeolite is smaller than that adsorbed by hydrophilic zeolite,
so that the porous structure of hydrophobic zeolite is less
occupied with moisture than that of hydrophilic zeolite.
This means that hydrophobic zeolite can more effectively use
its porous structure for adsorbing the object impurities
than hydrophilic zeolite. Therefore, the filter using
hydrophobic zeolite has a longer 1ife than that using
hydrophilic zeolite. On one hand, if both of zeolite are
compared to each other in terms of the cost thereof,
hydrophilic zeolite still gains an advantage over
hydrophobic zeolite.

When the above zeolite has an effective pore diameter
of 7 angstrom or more and the inorganic substance adsorbing
gaseous organic impurities has an effective pore diameter
larger than that of zeolite, it is preferable that a total
volume of the pore distributing in the range of 15 to 300
angstroms is more than 0.2 cc per unit weight (g) of the



gaseous organic inpurities has an effective pore dianeter |arger than that
of zeolite, it is preferable that a total volunme of the pore distributing
in the range of 15 to 300 angstrons is nore than 0.2 cc per unit weight (Qg)
. of t-he 13 inorganic substance, or that a
specific surface of the pore of the inorganic substance is nore than 100
nferr]/g. A main conponent of the ¥3nor gani ¢ substance whi ch adsorbs gaseous
organic ippurities andhas aneffective pore diameter larger than that of
zeolite, iRopgaréeaptlystanter ognthat qo@m@@sf\lr:ss:mmfsacaclo ythenmmal di at om
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In addition, according t he 1 nvention ere is grOV| a met’hod for
manuf actufthﬁglaﬁraammwbstamec\rhwrtm;dégedh@ssat pader; adepebsng a
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Inorgamcdlameter larger than zeolite, fills various roles, for
instance mechanically supporting zeolite powder on the
surface of the support, serving as an adhesion assisting
agent when pelletizing zeolite powder, and adsorbing
gaseous organic impurities which have a molecular size
larger than the effective pore diameter, thus not being
adsorbed by zeolite. It is preferable that the above-
mentioned filter is assembled by using only materials which
neither generate any gaseous organic impurities nor burst
into flame.

The above-mentioned inorganic substance may includes
an inorganic adhesion assisting agent, which includes at
least one of sodium silicate, silica, and alumina.

In addition, according to the invention, there is
provided a method for manufacturing an air filter, which
includes the steps of: preparing a suspension in which there
are dispersed powder of zeolite and powder of an inorganic
substance which absorbs gaseous impurities and has an
effective pore diameter larger than that of zeolite and
serves as a binder; and immersing the supporter in the
suspension and then drying it, thereby forming an absorption



subst ance whi ch absorbs gaseous inpurities and has an effective pore
| arger than that of zeolite and serves as a binder; and i nmersing
t he supporter in the suspension and then drying it, thereby form ng an
.absor ption 14 layer on the surface of the

di anmet er

support.

Furthernore, the invention provide a nethod for

manuf acturing an air filter which thcl udes the steps of: immersing a
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filter can be assembled substantially only with component
materials which neither generate any gaseous organic
impurities nor burst into flame. In these methods, it is
possible that an inorganic adhesion assisting agent of the
sol-state may be mixed with the suspension which is used for
forming the first adsorbing layer and the second adsorbing
layer thereon, so that the above-mentioned inorganic
substance comes to include the inorganic adhesion assisting
agent.

Furthermore, according to the invention, there is
provided a clean room or the like having an air circulation
mechanism which circulates the humidity controlled air
through a predetermined air circulation path, wherein the
air circulation path is provided with any one of air filter
according to the invention and a particle filter which
removes particulate impurities contained in the circulating

air and is arraigned on the downstream side of the air filter.

According to this clean room, it becomes possible to remove
gaseous and particulate impurities contained in the
circulating air without disturbing the controlled humidity
of the circulating air. Since this clean room includes no

in



According to this clean room it becones possible to renove gaseous and
particulate inpurities contained in the circulating air w thout disturbing
the controlled hum dity of the circulating air. Since this clean room

=i ncludes no 15 activated charcoal which
Is inflammable, the clean roomis excellent fromthe standpoint of disaster
prevention. Accordingly, the filtel8 of the invention and particle filters

can be installed th safety hn the ceiling portion of  the clean room
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second flltyert ortion 1'c r§ g q: sugﬂgn% ﬁn I n h an i norganic
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adsor bent detinpted ntlyafe et wivi¢hel suidfBlcammdblid)e it is excellent
from the standpoint of disaster prevention. According to
this filter, gaseous organic impurities contained in the air
circulating in the clean room can be removed without
disturbing the controlled humidity of the circulating air.

In this filter, the first filter portion includes a
supporter to the surface of which synthetic zeolite is
firmly fixed, and the second filter portion also includes
a supporter to the surface of which an inorganic adsorbent
is firmly fixed. In this case, the supporter of the first
filter portion is immersing in a suspension in which
synthetic zeolite is dispersed, and then dried, thereby
synthetic zeolite being firmly fixed to the surface of the
supporter, and the supporter of the second filter portion
is immersing in a suspension in which an inorganic adsorbent
is dispersed, and then dried, thereby the inorganic
adsorbent being firmly fixed to the surface of the
supporter.

Furthermore, the first filter portion may be formed
such that pellets formed by pelletizing synthetic zeolite
powder are firmly fixed to the supporter surface of the first
filter portion, and the second filter portion may be formed



supporter. Furthernore, the first filter portion may be formed such
that pellets formed by pelletizing synthetic zeolite powder are firmy

fixed to the supporter surface of the first filter portion, and the second
-filter portion may be forned 16 such that
pellets forned by pelletizing the &gmder of an inorganic adsorbent are
firmy fixed to the supporter surfdte of the second filter portion.

The supporter may be divided into two regions by an inaginary boundary

pl ane i nt#vekcthay prélats frswedabyi nglgnm@agngthbe speppbet eof a&n ri ght
angles, a S S5k | et;izd etcC ol i .ﬁgmer t her eof
are firm 3{4??;35??0 Jt(ﬂs:a surrfgcg?gf qgr@lg&? f gés‘g :t\l?vo t?(%gi%‘%\@&{ er eby

form ng t RBTEAESt of; ther sggondod 11488 Pertdes. forned by pelletizing the

i Eor gani c adsor pggt s@mta@pwégrm?taem@odiﬁ]@e& | imtoy t?v!of?@gi@n&?l?yséﬂ face OI/\h
e remmining.regqio ere or i e second fi,. ortion. en
firmy fi if"ﬁg1Bé?|7e{’19“f‘a?ﬁ¥oa/]o§f‘"peH“P%rTisfiCﬁgj%Bgﬁéﬁrc?iegl R3S G powder
;heregfbtmhrbaghpmhaceupﬁprhersmppnigkx i?gﬂax,\dhdagéﬂﬁaﬁs féﬁmm@ pﬁllets
ormed by ng. an._i.ner.gani ¢ adsor bent or er.thergof $o0 the
surface 89%%%‘!’%gﬁgrbgl’styé’&?'e%tlﬁe?%gﬂ} € QLS Egﬁﬁg?{)ﬁrﬁsg}gﬂ%g agent
whi ch confiixed ¢b ahel sasfaoneofecbretefl flraww ttaloc regdohsn theeslny,
bentonite

et on {ecgs oyl £38, ELLLFFInBIELShITHAE s e BF-APTEET
sel ect ed Dpd&wdﬁaﬂmmléhptﬁposghhda,aétunbaai ont xtawde rot herkbfaarend al umi na,
ol Toate Taragd Sixefd YRE he 8T ne BRRRYR1 o XiFon, "HREFERT, o0 o' U™
Synt het i c fagaliinge thaes sereosfd ddtlites pond idinanet er of 7 angstromor nore, and
Vol ume  of the heRC oy PhikIRgspeAIS s Hdied PRY Y g P ihe Mo i s
more t hansynthetic zeolite or pow%er thereof fo the surface of tge
supporter and/or when firmly fixing pellets formed by
pelletizing an inorganic adsorbent or powder thereof to the
surface of the supporter, there is used an adhesion
assisting agent which consists of at least one selected from
talc, kaolin mineral, bentonite, sodium silicate, silica,
and alumina.
The inorganic adsorbent as used in the second filter
portion consists of at least one selected fromdiatom earth,
silica, alumina, mixture of silica and alumina, aluminum
silicate, activated alumina, porous glass, hydrated
magnesium silicate clay mineral, activated clay, and
activated bentonite.
Synthetic zeolite has an effective pore diameter of
7 angstrom or more, and in the inorganic adsorbent of the
second filter portion, a total volume of the pore
distributing in the range of 15 to 300 angstroms is more than
0.2cc per unit weight (g) of inorganic adsorbent, or the
specific surface of the pore of the inorganic adsorbent is
more than 100 m?/g. '
The above-mentioned supporter may be of honeycomb
structure. In this case, the honeycomb structure is
preferably formed of inorganic fiber as its indispensable
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0.2cc per unit weight (g) of inorganic adsorbent, or the specific surface

of the pore of the inorganic adsorbent is nore than 100 nierr]/g. The
above-nmenti oned supporter may be of honeyconb structure. In this case,
the . honeyconb structure is preferably fornmed of inorganic fiber as its

I ndi spensabl e 17 conponent. The

first filter portion may be nade iY{ the formof a cylindrical casing which
is filled with the synthetic zeolite pellets while the second filter
portion nBY"BeN&BYe in the formof a separate cylindrical casing which is

filled with in phganifsadenl bentydiel i Jay et lighe Lh 11be Mheloahl e that
said synthetlg,ZEEth IS hydro%go%;q. Brief Description of the Draw ngs
Fig. 1 is?aC¥chBagtcrali crgdngabdhly drs dddilfidniigh Haec svdrtieddicon of an
eéir clzeanwelsﬁst@fqE@ﬁ@rwlcﬂ:iiglgedtﬁgtif@céﬂd&‘]Ei_llat@bqsiéml In ﬂfatytb@rﬂare{_\éenti?n;

i g. I s.a schematic.expl oded view of , a filter.relagted to the invention;
Fig. 3is'8 %h? ?io§|m %ﬁlaagﬁgaré%scsﬂsle‘bqlil&?a}l CHF DB of ‘é‘g’sbﬁ ﬂgr?dl ayers,
whi chf ar ewiohrﬁﬁdolngaalilteqdwdﬁﬁelnﬁbawbm. ;mere_lrgatedsmewimg 3 round
wave T or . hi Q. s . I g, IS.a partial enlarged cross
sectionarkgggmggﬁgsEg&Fﬁﬁtégsggégﬁaﬁ FSyEYgT°§%?€h°are formed by
al t er nat eByisfaDeisegintionr ofatthed Prawmtingaving a triangle wave formand a
thin plain sheeg; : [ S LG, kL ' . OF i ning the
constitution offéﬁigt]helrs gl%ahné?%olnfggg_gtrsélgﬁgkbg%%gte?ﬁr@g}ﬁéﬁgﬁeﬁent of the
i nventi onconstitugiign @fi aira aichetdrdrc n 8 wWotea Vdanoraking ftid ttdre accor di ng
to the seggggtegggghq%@hto%ff?geiqﬁg? t98n : Fig. 7 is an enl arged

ilter on

cross sectional view of a e surface of which an adsorption
layer is formedFig. 2 is@ gchgmpgigreumladasbuier ofsafdditieaneelatedy of a
filter totbhehsuihaeatdfonwhi ch pellets are secured,

Fig. 3 is a partial enlarged cross sectional view of
adsorption layers, which are formed by alternately stacking
a corrugated sheet having a round wave form and a thin plain
sheet;

Fig. 4 is a partial enlarged cross sectional view of
showing adsorption layers, which are formed by alternately
stacking a corrugated sheet having a triangle wave form and
a thin plain sheet; |

Fig. 5 a schematic illustration for explaining the
constitution of another clean room according to the first
embodiment of the invention;

Fig. 6 is a schematic exploded view of a filter
according to the second embodiment of the invention;

Fig. 7 is an enlarged cross sectional view of a filter
on the surface of which an adsorption layer is formed.;

Fig. 8 is an enlarged cross sectional view of a filter
to the surface of which pellets are secured:

Fig. 9 is an enlarged cross sectional view of an
adsorption layer according to the invention;

Fig. 10 is a schematic exploded cross sectional view
of the other filter according to the second embodiment of
the invention;

Fig. 11 is a graph showing a relation between the



Fig. 9 is an enlarged cross sectional view of an adsorption |ayer according

to the invention; Fig. 10 is a schematic expl oded cross sectiona
view of the other filter according to the second enbodi ment of the
.invention; Fig. 11 is a graph showing a relation between the

18 weight ratio of silica/lalumna (Sierr]/Al[err]O[err]) and noisture
adsorption quantity per zeolite of ! 00g (25[err]C, relative humdity 50% :
Fig. 12 is a graph showi ng noi stuyre aﬂéorzé[on i sothernms by hydrophobic
zeol ite aR@ig&dti vatdd cofarebhicafabspinea] €510,/A1,05 gand 3mp ssbwrexpl oded
view of - aajishtrgf i%%CQigpdr{tgittP gde. Pé@F{té@Pd}@Fé‘t (%’éﬁ,herél‘é{ﬁmé on.

Fig. 14 is an enlarged cross sectional view of a filter, on the surface of
whi ch fir8umddd tge ‘adsorption |ayers are forned; Fig. 15 is an

enl arged cross gegtiongl i ew Qfra#plcORRb&XnRdsy ¥ dude | a4sbrseNsA Sting of
first and.seg&gﬁ adsor pti,on %aéers; . Fig. 16 is f(@fhen& I C

i 11 ust rat ilGR {ET TS BV R RARGP PRI ¢ RG] iiA 254 B¢t hrats L LRtgeEyst em
accor di ng286Ct;he second enbodi nent of the invention; Fig. 17a is a
perspective view.of fi,lter porti,on ccording to. the third ,enbodi nent of
the invention; ¥ig. flIlél 58 ?L‘gbe%%l%dsﬁﬁrvéﬁgcp?vﬁ &T;Wrofacgofridppgr g?i ni shed by
assenbl i nghtehe thd1t esmbpatitneants ofS tdeovimvientRiog: 17a; Fig. 18 is a
schematic explo V§ of fir d fi.l ter tiONSe. Fig. 19
i s an expl oded S;‘quw %)?"{tsh%n&%}}%g%{al ?é&gggg&tdioﬁglt‘gﬂ{mﬁﬁf?&tgﬁbodi ment

of the inwaenthensurface &f gvhh ifdrstpandpeetoved adsorpdfiom flalyees accor di ng
to the 0t@?§‘¥g¥ﬁ€$@nt of the invention; Fig. 21 is a partia

enl arged Ccross sec |bnal_viem10f adsorption layers, which are fornmed by
al ternatel y stadligng ¥ cbsr agatead agtiedt drnsdsngsec vl waiew f of neand a thin

pl ain complex adsorption layer consisting of first and second
adsorption layvers:;

Fig. 16 is a schematic illustration for explaining the
constitution of an air cleaning system according to the
second embodiment of the invention;

Fig. 17a is a perspective view of filter portions
according to the third embodiment of the invention;

Fig. 17b is a perspective view of a filter finished
by assembling the filter portions as shown in Fig, 17a:

Fig. 18 is a schematic exploded view of first and
second filter portions;

Fig. 19 is an exploded view of the other filter
according to the third embodiment of the invention;

Fig. 20 is a perspective view of a filter according
to the other embodiment of the invention:

Fig. 21 is a partial enlarged cross sectional view of
adsorption layers, which are formed by alternately stacking
a corrugated sheet having a round wave form and a thin plain
sheet; _

Fig. 22 is a partial enlarged cross sectional view of
adsorption layers, which are formed by alternately stacking
a corrugated sheet having a triangle wave form and a thin
plain sheet:

Fig. 23a is a cross sectional view taken on line A-A
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sheet ; ' Fig. 22 is a partial enlarged cross sectional view of
adsorption layers, which are fornmed by alternately stacking a corrugated
sheet having a triangle wave formand a thin plain sheet; Fig. 23a
Is @& cross sectional viewtaken on |ine A-A

19 of Fig. 23b, showng a filter which is fornmed by filling a casing with
pellets; Fig. 23b is a cross'%ectional view taken on l'ine B-B of the
Fig. 23a; . Fig. 24 is a graph show ng contact angle change on a
silicon vffigurdde strawinsodiiagert vhbch nies fiormedi by fEl¥ing ered by
various c t el whikht ; . Fig. 25 is a graph showing a rel ation

bet ween tﬂggﬁﬁﬁbgékgfﬁ%%&ﬁéﬁ’atons deposited on a gl ass substrate surface
and the contactfhfigl €3 g e c388s; sectiong] gview tiakea grapime®ol ng cont act
angl e chapgetWwet Rikhezpassage of time when exposing a silicon wafer covered
by a silicon digxi e %i]n1forne% tﬂereon to various anbjences for 3 days

i mredi ately aftet8rifhdiky § €raph showigpg contact angdegpapRge stvd ng

noi sture salitoopt wafler soiFeddr ofh &y Rixpeisiagzeel {4 ehand iacyh veh &g char coal ;

Fig. 28 i?.i gra@h shomﬁnﬁ t he adsorqtioi Eertornance of various adsorbents
agai nst of JAhFEe8oRYaNtRanbs CheBAG31s A 4BES cont ami nat i on; Fig. 29
is a graﬁh shomﬁﬁ@ch&ﬁgésOF_gehghiwbohfﬂkdhtYe%@tpﬁziBe@ﬁuﬁﬁdﬁhy ahC|?an
room wt rophobi ¢, zeol ite and a cleap roomwth a prior_art chenica
filter: “ﬁmg%gi g"oéq daFuoi. atgns” Jerosited oR ¢ r4haSx %ﬁﬁ%ge

i nconveni encfaice ghd ghieor oarta ciuaingiley oaotheokame ; Fig. 31 is a graph
showi ng results hgian dj t r o] | t e shown in Fig.
30; Fig. gSEI sygn g‘(l’r a%ﬁ%g%glwghaggékt ac g%%lag‘%l%aﬁgéﬁggmg licon

waf er sur theePaisagexpésihgei vheo eeosine fa Istidnsgnbyafari ousevhini cal
filters; by a Hilicod iddoxAden! &f DRd Per@wWdof théF8én ARG SEEPIGhs

ambiences for 3 days immediately after rinsing it,;

Fig. 27 is a graph showing moisture adsorption
isotherm of synthetic zeolite and activated charcoal;

Fig. 28 is a graph showing the adsorption performance
of various adsorbents against organic contaminants causing
surface contamination;

Fig. 29 is a graph showing change of relative humidity
which is caused by a clean room with a hydrophobic zeolite
and a clean room with a prior art chemical filter;

Fig. 30 is an illustration for explaining
inconvenience in the prior art humidity control;

Fig. 31 is a graph showing results of humidity control
performed with the system shown in Fig. 30;

Fig. 32 is a graph showing contact angle change on a
silicon wafer surface when exposing it to the air filtered
by various chemical filters;

Fig. 33 is an enlarged view of first and second
adsorption layers according to the invention A;

Fig. 34 is an enlarged view of prior art adsorption
layer;

Fig. 35 is an enlarged view of an adsorption layer
according to the invention B;

Fig. 36 is an enlarged view of first and second



adsorption |layers according to the invention A
enl arged view of prior art adsorption |ayer;

Fig. 34 is an
Fig. 35 is an enlarged

vi ew of an adsorption |layer according to the invention B, Fig. 36 is
san enl arged view of first and second 20
adsorption |layers according to the,jnvention C Fig. 37 is an

enl arged vi ew of first and second &gsorption | ayers according to the

i nvention
adsorptio

f.f d d
Adeayatd om danty 4% T e danien igention’ B o ""36° TS 0 gr aph

showi ng cont act Fagg| éthamganwdﬂamcba\ssa\geodf fliirsee vireh sxposd ng a
silicon wqg I \Q&H}l éPg(¥iJdﬂd?ﬂ%o%%PQh%h§5§39358nvﬁr'OUS anbi ences for

3 days imme At rinsin

noi st ure
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showi ng

ng of

which a filter §d@@r39ngstib gnaoh shemingncpatantianglad,change \thkg; 42 is a
graph Sho"UHbgpta@%a%fef 681t He %h 'Efﬁog?ﬁ%rad's'lq 1E8nt@§fép‘ﬁea% nand

Flg 43 | s schemati c perspec ive VI ew St OF&ECO%
const r uct é’él&e ifridima fiogaeidn thegeeantpovarious wanldence &5 Iftogr 3ademsd

t he Invenpmﬂﬁbdf%ﬁgf%ﬂdk%%fﬂrﬂagﬁd. tiake opening for the clean roomair.

Preferred
i nvention

noted in the above

Enbodlnents e I nvention Preferred enbodi nents

ing to

of the

will Kdd-bed ges’csrl BedBY#RM Sbpaiagc a1 bs Hitbnpdspragiaraw ngs.

Fig. 1 isiachamidl Hydrsghati©nddri @xpm Wc&tha*t%dC%%Trbbull' on of a
clean room 1 acgprdlgﬁ to the first. enbodi nent, of vention. Here, as
e

1868 e heRaT ¢ RETSPRG 1NE ?’éBVa ¢ ByOoZ38&rm cl ean

bench' or cxtupest et cgna tsueitiedrof imGttiadi edvif Roeleax trepimngord haeef f ect and
scope OftégﬁffonéfOphiJneack%%@e&og@E%rH@%hqusthe invention is

installed:

Fig. 42 is a graph showing the effect of a filter
according to the invention; and

Fig. 43 is a schematic perspective view of a storage
compartment constructed or installed in a clean room, in
which a filter according to the invention is provided at the
intake opening for the clean room air.

Preferred Embodiments of the Invention

Preferred embodiments of the invention will now be
described with reference to accompanying drawings.

Fig. 1 is a schematic illustration for explaining the
constitution of a clean room 1 according to the first
embodiment of the invention. Here, as noted in the above,
the term " clean room’ may be replaced by a term’ clean bench’
or others having a similar funetion, without altering the
effect and scope of the invention. The clean room 1 includes
a working space 2 in which precise and delicate products such
as LSI’s and LCD’s can be processed, a ceiling portion
(supply plenum) 3 and an under-floor portion (return plenum)
4 both of which define the uppermost and lowermost portions
of the space 2 respectively, and a return path 5 located on
the side of the working space 2.



a working space 2 in which precise and delicate products such as LSI s and
LCD s can be processed, a ceiling portion (supply plenum 3 and an
under-fl oor portion (return plenum 4 both of which define the uppernost
sand 1 ower nost portions of the space 2 respectively, and a return path 5

| ocated on the side of the morkingzﬁpace 2.

21 On the ceiling portion 3% s arranged a clean fan unit 13 which is
provided with a fan,unit .10, a filter ,l1 of good yent an a_.particle
Piter 1o ot CEneaadine hahtt 68 Lo ARk L e Leafibon Smifeq | 1 the
wor ki ng spbt et cdnd saprevaded i tid aofaa et 19oua il thre 1Unste rgofoldoor
portion 4 | artitioned | gr at anghs 15 hayj r of holes
or perforé%?%ﬁ%. hﬁgpn engé%{%%ég%il?%?ggﬁe Egh-dgw ?V%@quuﬁgﬂgghipped in
the under-nanwfapburiog apparatuierl4 dsdbocatwd Hn hdeseosk b speste | oad of
the serm conduc Ot ¢ SHWE A bRG RBREIAHutS o1 4Thd N3480078W N Gandensat T on
coil 16 is,an alr coo]er I ch can cools the alr w thout causing any dew
condensat i i brPatid shnged o It vithearatrdmeangls 1A hewpagad wwmbsansor 17 is

set up in §heydleidioR Pe%foPat PodE! ACkod dén I LI bWl & # RREG dh-d2wal ve 18
whi ch regulates%éhe flow of @hj||39 mater_&a controll ed such that the
t

t enper at ur BYB&t 88t b¥ §ULRRE ek orh ey Hndied RO OTePAT L8NNGt iARAGT the
return pattoadeakeptitht thespeakib¢epheact 1608ssanthe eyedbeondidryst causing
any dew on_the.surface of the condepsat, on coi . th operation o
d Qa{l fhgdﬁgalt _dll? Whtcgb f

the fan unPPPEH2FHUFRBECPRBATRENS uhtt ¥ OB 44¥ tYRe: RrdeRsat 1 Bbm 1
begins to coitull 8t ésahnaapredevéenri pridchi tahl ovol &t €hé naiheydrltart of
ceiling portion_ 3 - mor&ing Sﬁﬁce 2.~ under-f.l oor fﬁrtionf4 - Jeturn path 5
" ceiling PBFEEBR FMDIThgSPRASASAEIOR &R athonSUThacsi PTi @ db%i%d t hrough
t he non- deexchpegevndbntenperaturé sidhsemdTgaseses up danthei nptuid i es and
particul ate,i | L I N ' i [ n Iy areqr ed by the
part o 2 GRS R G e LR LAY, Ml SRS DY
thereby thegudhdas therflow off chibledatdtercdntca tool kadnseacht that bei ng
continuousky.spppbbfdthPet@€tected by the sensor 17 and the relative

humidity in the return path are kept at respective preset

constant levels, without causing any dew on the surface of

the condensation coil 186.

With operation of the fan unit 10 in the clean fan unit
13, the air in the clean room 1 begins to circulate at a
predetermined air flow rate in the order of ceiling portion
3 - working space 2 - under-floor portion 4 - return path
5 —ceiling portion 3. During this air circulation, the air
is cooled through the non-dew type condensation coil 16, and
gaseous organic impurities and particulate impurities
contained in the circulating air are removed by the filter
11 and particle filter 12 of the clean fan unit 13
respectively, thereby the clean air with a suitably
controlled temperature being continuously supplied to the
working space 2.

The filter 11 1includes hydrophobic zeolite for
removing gaseous organic substances contained in the
circulating air. This filter 11 is constituted with
materials which neither generate gaseous organic impurities
nor are inflammable.



morklng space 2. The filter 11 includes hydrophobic zeolite
renmovi ng gaseous organi ¢ substances contained in the circulating
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;gaseous organic inpurities nor are inflanmable.
The particle filter 12 |§2d|sposed downstream fromthe filter 11
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filter 11 is constituted with materials which neither generate
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humidity control portion of the unit type air conditioner
22 is controlled such that the humidity detected by the
sensor 27 is kept at a preset value. On one hand, in the
working space 2, there is provided another humidity sensor
28 for detecting the humidity of the air in the working space
2.

The outdoor air supplied to the under—-floor portion
4 of the clean room 1 through the outdoor air intake path
20 is introduced to the working space 2 via the return path
5 and the ceiling portion 3. The balance between the outdoor
air volume introduced to the working space 2 and the air
volume exhausted therefrom is suitably controlled, thereby
keeping the pressure of the working space 2 at a constant
value. The air of the working space 2 is exhausted from an
exhaust opening 25 via a return gill 26.

Fig. 2 is a schematic exploded view of the fllter 11.
As shown, the filter 11 has a honeycomb structure 32 which
is formed by stacking a plurality of corrugated sheet 30 and
thin flat sheet 31 in an alternate fashion. Hydrophobic
zeolite is firmly fixed to the entire surface of this
honeycomb structure 32. In this case, hydrophobic zeolite
preferably has an effective pore diameter of more than 7



As shown, the filter 11 has a honeyconb structure 32 which is forned by
stacking a plurality of corrugated sheet 30 and thin flat sheet 31 in an
alternate fashion. Hydrophobic zeolite is firnmy fixed to the entire
surface of this honeyconb structure 32. In this case, hydrophobic zeolite
preferably has an effective pore dianeter of nore than 7

23 angstroms. As shown in the figut®e, the filter 11 is assenbl ed such that
the honeyconmb structure 32 with hydrophobic zeolite is contained inside a
box |ike oprgstrams. s shows xrethaeﬁjlg:;reexthe ifdll terahk iseadmemb 1351, 35b,

35¢c, 35d, of; i © t open so
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il

i ncl udi ng FBH&sRIM 805008043t dA8oRént , attapulgite, etc.. This
sheet is process¥dwby @ boiefigatiplpmetciimewabdl treans4 de madolumt cam
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alternatelys mu I Xed "Dy 'a s I"'e"a t her eby
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kept at 40Q[err]C this “heat treatnent organi c conponents is
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por ous. I notehe: pex!, addiaSpRPEPUEh RANEYLOMDI i SHekYr #i 8 ol ShifkREsed for a
of 0.3mm is made of this mixture by means of a wet type paper
making machine. In the above mixture, calcium silicate may
be replaced by clay mineral such as sepiolite including
magnesium silicate as a main component, attapulgite, etc.
This sheet is processed by a corrugating machine and
transformed into a corrugated sheet. The corrugated sheet
30 and the thin flat sheet 31 is alternately stacked up and
mutually fixed by a suitable adhesive, thereby forming the
honeycomb structure 32 shown in Fig. 2. This honeycomb
structure 32 then is treated by heat for one hour using
electric furnace kept at 400°C. With this heat treatment,
all the organic components is removed away and the honeycomb
structure 32 (base filter media) is made porous. In the next,
this porous honeycomb structure 32 is immersed for a several
minutes into a suspension in which hydrophobic zeolite
powder with a grain size of several micrometer and inorganic
sol binder (silica sol, alumina sol, etc.) are dispersed.
After that, the honeycomb structure 32 is further treated
by heat at 300°C for one hour, thereby finishing the filter
11. Since the filter 11 is formed in the way as mentioned
above, gaseous organic impurities which might have been



m nutes into a suspension in which hydrophobic zeolite powder with a grain
size of "several mcroneter and inorganic sol binder (silica sol, alumna
sol, etc.) are dispersed. After that, the honeyconb structure 32 is further
streated by heat at 300[err]C for one hour, thereby finishing the filter 11.
Since the filter 11 is fornmed in the way as nenti oned above, gaseous
organic inpurities which night have?4been

24 included or deposited on the filter constituents can be thoroughly
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f

proper adh&8rdatippg of i Ihen MMNEHARRL, o ‘%"éd{reon Vi

filtering ﬁmdu@au%@@lh@r §tepéi latrer denfidde %rrﬁms@xambﬁ ahe granul ar
hydr ophobi ¢ zeol, % i flﬁed to th% sur ace of co aked sheet 30 and
thin Flac dREeribednin, theqabRusnnda: thPeehaResPsaRELe noth® RILEE y cover
]Ehe gn}]i rehys_ntalyebmfstﬁm@nuré He hmwe/gzwtm’swmhthyrdaro%&dbsctw@lb'ob by heat
or ours

tric. fur kept _at h t 100 C
whi ch 151 BoaRedFOE BELEI B RIRRCST BV RL R Dy AR, B nffec Vel
t her eby cospkeudlay Wvdvonhobit zeskions isr famed tinpbei sunfraontatived in the
adhesi ve aﬁgnfe'y%'o%l'ﬁ' 3 riulag ufrle! BQrbﬁ»lusFH'E @'ﬂr&ﬁ%zb%dﬁ'e%%d pagses through

t he space 3 havi n? an apprOX| nat e Yy sem Ci rcul ar CI’O§S section as shown in
Fig. 3. Thdsiapterlangedycressises Finnadd vbgvuef nidra fHdkeydsspmadidct ure 32

which is fﬂrsré‘ﬁdfb? elogrty Mafd 0N 10§ n G ¢ waRr@d tSoLShp B8 IThieegpahtil @9l e wave
formand t 5% ﬁ%oblczeollte 36 is fixed to the surface of corrugated
sheet 30 and thin flat sheet 31 by using incombustible
adhesive so as to closely cover the entirety thereof. Then,
the honeycomb structure 32 is treated by heat for 2 hours
in an electric furnace kept at such a temperature as 100°C
which is lower than the allowable maximum temperature of the
adhesive, thereby completely driving out gaseous organic
impurities contained in the adhesive and finishing the
filter 11. The air to be cleaned passes through the space
37 having an approximately semicircular cross section as
shown in Fig. 3. The filter 11 may be also formed by using
a honeycomb structure 32 which is formed in combination of
corrugated sheet 38 like a triangle wave form and thin flat
sheet 36 as shown in Fig. 4, and fixing the granular
hydrophobic zeolite to the entire surface of the honeycomb
structure 32 by incombustible adhesive. In case of Fig. 4,
the air to be cleaned passes through the space 39 having a
triangular cross section.
The filter 11 as formed in the above includes nothing
inflammable as its constituents. Accordingly, if the filter
11 is installed in the ceiling portion as shown in Fig. 1,



sheet 36 as shown in Fig. 4, and fixing the granul ar hydrophobic zeolite to
the entire surface of the honeyconb structure 32 by inconbusti bl e adhesive.
In case of Fig. 4, the air to be cl eaned passes through the space 39 having
:a triangul ar cross section. The filter 11 as fornmed in the above

I ncludes nothing inflammable as its constituents. Accordingly, if the
filter 11 is installed in the ceiRbng portion as shown in Fig. 1,
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bi nder. I|fthée indianmabller aetivatéd! ddargoalbigtdethé soanlyoavaiilrable, it
S preferablg #o treat it by heat to drive out volatile organic substance
before use*®t2¥f: as the base filter media for the particle filter. Al so, as
to the sealing mhnberdinarV|maﬁ}mdmnﬁﬁmﬁaéndweaxnednétbn,theHEHMEH frame,
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binder which includes some volatile organic components.
Therefore, generation of gaseous organic impurities is
inevitable if they are used as they are. Accordingly, as to
the particle filter 12, it is most preferable to employ that
which uses the base filter media including no binder. If the
base filter media including a binder is only available, it
is preferable to treat it by heat to drive out volatile
organic substance before use of it as the base filter media
for the particle filter. Also, as to the sealing member for
fixing the base filter media to the filter frame, the same
attention is to be paid in selection thereof. That is, it
is important to select a sealant including no volatile
organic substances or to make an air-tight pressure contact
between base filter media and the filter frame by means of
a physical or mechanical means without using any sealant.

Fig. 5§ is a diagrammatic representation of another
clean room 1’ according to the first embodiment of the
invention. In this clean room 1’, the filter 11 with the
hydrophobic zeolite fixed honeycomb structure is installed
in the ceiling portion 3 of the clean room 1’ so as not to
entirely cover it but to cover it in part. In this exanmple,
the number of filters as installed is reduced to a half of



bet ween base filter nedia and the filter franme by neans of a physical or
mechani cal nmeans w t hout using any seal ant. Fig. 51is a diagrammatic
representation of another clean room 1 according to the first enbodi nent
.of the invention. In this clean room 1, the filter 11 with the hydrophobic
zeolite fixed honeyconb structure is installed in the ceiling portion 3 of
the clean room 1 so as not to ent#fely cover it but to cover it in part.
In this exanple, the nunber of filters as installed is reduced to a half of
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retardant contained in some building materials, phthalate
from a plasticizer contained in some building materials,
HMDS from an agent facilitating close adhesion of the
photoresist, BHT from a antioxidant contained in cassettes.
These contaminants are less included in the introduced
outdoor air. Accordingly, a role of the filter 11 is to
remove such high-molecular organic compounds from the air
circulating through the clean room, thereby reducing the
concentration of such organic compounds. The concentration
of the organic substance in the clean room shows its maximum
value immediately after starting the operation of the clean
room. However, it gradually goes down with the passage of
time, due to removal of the organic substance from the
circulating air, and finally it is stabilized at a value when
removal and generating of the organic substance is balanced.
The quantity of organic substances removed during one cycle
of the air circulation in the clean room 1’ of Fig. 5 is a
half of that which is removed by the clean room 1 of Fig.
1. In other words, as a matter of course, the clean room 1’
of Fig. 5 takes a considerably longer time before reaching
its equilibrium state with respect to the organic substance



time, due to renoval of the organic substance fromthe circulating air, and
finally it is stabilized at a val ue when renoval and generating of the
organi ¢ substance is bal anced. The quantity of organic substances renoved
;during one cycle of the air circulation in the clean room1l of Fig. 5is a
hal f of that which is renmoved by t?f clean room1l of Fig. 1. In other
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is shown in Fig. 2, except that in this filter 100, zeolite
powder is fixed to the entire surface of a honeycomb
structure 112 with the help of an inorganic binder of which
the effective pore diameter is larger than that of the
zeolite powder. The filter 100 is formed by alternately
stacking up a plurality of corrugated sheet 110 and thin flat
sheet 111 inside the space defined by frame members 115a,
115b, 115c¢, and 115d, so as to direct them roughly in
parallel with the air flow 113, all the surfaces of
corrugated sheet and thin flat sheet being covered by the
zeolite powder fixed thereto with the help of the inorganic
binder. The outer shape and dimension may be arbitrarily
designed so as to meet the space available for installation
of the filter 100.

An example of the method of manufacturing the filter
100 will be now explained in the following. The honeycomb
structure is formed in the same way as previously described
in the above. Removal of organic components from the
honeycomb structure leaves a number of pores with a size of
microns on the surface of the honeycomb structure, thereby



bi nder. The outer shape and dinension nmay be arbitrarily designed so as to
neet the space available for installation of the filter 100. An
exanpl e of the nmethod of manufacturing the filter 100 will be now expl ai ned
sin the follow ng. The honeyconb structure is fornmed in the same way as
previously described in the above. _Renoval of organic conponents fromthe
honeyconb structure | eaves a nunber28of pores with a size of mcrons on the
surface of the honeyconmb structure, thereby
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adsorption layers as shown in Fig. 7 are formed. In this way,
the filter 100 is finished. The above suspension may include
at least sodium silicate, silica sol, or alumina sol, as an
adhesion assisting 1inorganic agent. These inorganic
substances are used as the inorganic sol binder in the
previous example. In the current example, however, they are
used as the adhesion assisting agent for strengthening
adhesion between zeolite powder and the above inorganic
substance (binder), and also for reinforcing binding force
with which zeolite powder and the above inorganic substance
(binder) is fixed to the surface of the honeycomb structure
112 (including the inside surface of cells as elements of
the honeycomb structure 112). The filter 100 formed in this
way includes nothing inflammable, and gaseous organic
impurity components included in the constituents of the
filter 11 are completely driven out by the above-mentioned
heat treatment. Therefore, the filter 100 can not be a
gaseous organic impurity source by itself.

Another method for manufacturing the filter 100 will
be described in the following. Up to the formation of the
honeycomﬁ structure 112, all the manufacturing steps are



112 (including the inside surface of cells as elenents of the honeyconb
structure 112). The filter 100 formed in this way includes nothing

i nfl ammabl e, and gaseous organic inpurity conponents included in the
-constituents of the filter 11 are conpletely driven out by the
above-nmentioned heat treatnent. Therefore, the filter 100 can not be a
gaseous organic inpurity source byz?tself. Anot her nethod for
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manufacturing method.

Still another method for manufacturing the filter 100
will be described in the following. Up to the formation of
the honeycomb structure 112, all the manufacturing steps are
identical to those which are described in the above. Thus,
the repetitive explanation thereabout will be omitted. This
method is also characterized in that granular zeolite
pellets which are pelletized from a mixture of zeolite
powder and an inorganic substance used as a binder are fixed
to the surface of the honeycomb structure 112 with the use
of a proper adhesive. In this method, the inorganic
substance used as a binder is not always required 'to be
capable of adsorbing gaseous organic impurities and to have
an effective pore diameter larger than that of zeolite’. The
very difference exists in the structure of the pellet
surface. Namely, the pellet is coated with the inorganic
substance capable of adsorbing gaseous organic impurities
and having an effective pore diameter larger than that of
zeolite.

Fig. 8 is an enlarged cross sectional view of a filter



of a proper adhesive. In this nethod, the inorganic substance used as a
bi nder is not always required 'to be capabl e of adsorbi ng gaseous organic
impurities and to have an effective pore dianeter |arger than that of
-zeolite'. The very difference exists in the structure of the pellet

surface. Nanmely, the pellet is coated with the inorganic substance capable
of adsorbi ng gaseous organic inpurﬁpies and having an effective pore
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for n an el ectri urnace a tenperatu 100[err]C
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room safety fromthe stand qun di saster prevention can be renarkably
enhanced dERRATHi%® 8hell othigh ngs t hevpr i shanr thenadilearbiel ter
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As mentioned in the above, since the filter 100
includes nothing inflammable as its constituents, if it is
installed in the ceiling portion of the clean room, safety
from the standpoint of.disaster prevention can be remarkably
enhanced comparing to the case of using the prior art
chemical filter relying on the inflammable activated
charcoal. The cross sectional shape of the individual air
path formed in the honeycomb structure is not limited to the

semicircular shape. It may be designed to have an arbitrary
shape.

As

There is a possibility that various gaseous organic
impurities may be generated in various working space in
which the manufacture of products requiring high precision
such as LSI’s, LCD’s, etc. are carried out, for instance a
clean room, a clean hench, a clean chamber, various storage
compartments for storing products requiring cleanliness,
and other devices locally securing a clean space called as
a mini-environment. However, it is generally considered
that most of gaseous organic impurities acting as
contaminants to the substrate of LSI, LCD, etc. might be
high-molecular organic compounds having a high boiling



I mpurities may be generated in various working space in which the

manuf acture of products requiring high precision such as LSI s, LCD s,
etc. are carried out, for instance a clean room a clean bench, a clean
chamber, various storage conpartnents for storing products requiring

cl eanliness, and other devices |oc hly securing a clean space called as a
m ni -environnent. However, it is geénerally considered that nost of gaseous

organic |npur|t| act i as contan1nanls to the substra Ee of LSI, LCD,
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the filter 0 according to th seﬁg I ment t he 1 nvention can
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convent i onfii 1 benddld) ofcabidhnghe qot ke disermndr senlbed iidntt eof n tthee range of
15 through; 300, 8085 B dsbFbBHP 4nd siloxane which are not adsorbed
by =zeolite, utilizing the adsorption function of the
inorganic substance mixed with zeolite as a binder.

Zeolite crystals do not form a lump-shape by
themselves, they need the help of a binder when they are
pelletized and fixed to the surface of the honeycomb
structure 112 in the form of a layer. So far, a ¢lay mineral
such as talc, kaolin mineral, bentonite, etc. have been used
as such a binder. The total volume per unit weight (g) of
these conventional binders of which the pore diameters
distribute in the range of 15 through 300 angstroms, is 0. 07
ce/g, 0.06 cc/g, and 0.03 cc/g, respectively, and the
specific surface per unit weight of the same is no more than
28 m?/g, 21m%*/g, and 23 m?/g, respectively.

Because of having regarded the air or gas permeability
of these binders important so far, these binders have been
applied to the base filter media such that they keep a vent
aperture of 500 angstroms or more between binder particles
adjacent to each other or between the zeolite particle and
the binder particle. In other words, vent apertures created
by the application of the conventional binder are macro-



cc/g, 0.06 cc/g, and 0.03 cc/g, respectively, and the specific surface per
unit weight of the sanme is no nore than 28 nferr]/g, 21nferr]/g, and 23
nmMerr]/g, respectively. Because of having regarded the air or gas
«permeability of these binders inportant so far, these binders have been
applied to the base filter nedia zgfh that they keep a vent aperture of
500 angstrons or nore between bin particles adjacent to each other or
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gas to be removed to the surface of the zeolite powder

affixed on the supporter surface. Consequently, the binder

has been less required to have adsorption ability.

In contrast with this, in case of the binder employed

in the filter 100 according to the invention, although it

may form similar vent apertures to that which the

conventional binder forms between binder particles adjacent

to each other or between the zeolite particle and the binder

particle, the binder particles used in the invention include

fine pore s facilitating the physical adsorption on their

own surfaces, for instance pore s having a diameter of less

than 20 angstroms, and meso-pores having a diameter between

20 and 500 angstroms. Therefore, the surface of the binder

itself makes it possible to adsorb BHT and siloxane which

can not be adsorbed by zeolite. Furthermore, since the

excellent gas permeability is still secured, the objective

gas can easily reach the powder surface of the zeolite.

Consequently, the selective adsorption characteristic of

the zeolite powder can be maintained as usual, i.e. not

adsorbing molecules larger than its effective pore diameter

but excellently adsorbing those which are smaller than its



own surfaces, for instance pore s having a dianeter of |ess than 20
angstrons, and neso-pores having a dianeter between 20 and 500 angstrons.
Therefore, the surface of the binder itself makes it possible to adsorb BHT
- and +si | oxane whi ch can not be adsorbed by zeolite. Furthernore, since the
excellent gas perneability is still secured, the objective gas can easily
reach the powder surface of the zedite. Consequently, the selective
adsorption characteristic of the zeolite powder can be maintai ned as usual,
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excel | ent
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Accor di ngl3f SO ¥e%fc¥ﬁ%p?%%ehP' ecXRNheaBERLUTEY BYERFBYI ding the
filter 10(bdwee‘1g idmlwtsqxaxtﬁmusamfd bAG delri plaritd clespedndy thexi ng the

of Can i noddins Suberat G5 HshAEs TPRVARITEr dnk T A, e, Thet
size of thiksjqutrievdeigag I\arbbrrebaateﬂéveflﬂrmatmg\ﬁes pmemducansceplof zeolite
and ”ain|3bgf¥féf5kid¥ 4R®1ite and the binder as well, thereby being
adsorbed in those pore s existing on the surfaces of
respective particles.

Accordingly, the object of the invention can be
achieved by providing the filter 100 having the adsorption
layer 120 which is formed by fixing the zeolite powder to
the surface of the honeycomb structure 112 with the help of
an inorganic substance as a binder having pore s on its
surface, the size of this pore being larger than the
effective pore diameter of zeolite and mainly falling in the
range defined as so-called meso- or micropore . In the
similar way, the filter 100 may be formed by fixing zeolite
pellets 121, which are pelletized from the zeolite powder
with the help of the above inorganic substance as a binder,
to the surface of the honeycomb structure 112. Furthermore,
as will be seen from Fig. 10 showing two cross sectional
views taken on lines A-A and B-B, respectively, the object
of the invention can be achieved by a filter 100’ which is
formed as follows. At first, there is prepared a doubled
cylindrical casing 122 surrounded by an outermost casing 124
and the doubled cylindrical casing further including an
inside cylindrical casing of which the double walls are



range defined as so-called neso- or mcropore . In the simlar way, the
filter 100 nmay be fornmed by fixing zeolite pellets 121, which are
pelletized fromthe zeolite powder with the hel p of the above inorganic
.substance as a binder, to the surface of the honeyconb structure 112.
Furthernore, as will be seen fromFig. 10 show ng two cross sectional views
taken on lines A-A and B-B, respecB#vely, the object of the invention can
be achieved by a filter 100' which is fornmed as follows. At first, there is
prepar ed progildeatiwdyhi adiunbalr cfisiery d32nsngsdidfdeBebyets 1t erenst casing
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it er oot RBRTERTHOR Lten- ResPRd CEhrBUGH B8 BLPRRES 114 TLMEnar | cal
adsorptionid aherin§ 04t ¥4 phetdvrbdrgdvsliddenscasRo®2 and thedddowdi ngly, the
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adsorbent to the surface of the honeycomb structure 112, the

adsorbent being in the form of the mixture of synthetic

zeolite power of which the particle size is several microns

and the effective pore diameter is 8 angstroms, and a binder

which is acid-treated montmorillonite (activated clay)

having a size of several microns, or in the form of pellets

which are made by pelletizing the above mixture. Furthermore,

the filter 100" is formed by filling up its casing with the

adsorbent in the form of peilets as mentioned above.

Montmorillonite is a clay mineral having a chemical

composition described as Al,Si (0H), * nH,0 and its name

comes from a place name ’'Montmorillon’ in France, which

produces this chemical substance. When montmorillonite is

treated by acid, the pore volume and specific surface of

montmorillonite having the pore diameters of 15 to 300

angstroms becomes 0. 37cc/g and about 300m®/g, respectively.

The pore volume of the pore diameter 40 to 600 angstroms

comes to occupy 22% of the total pore volume. Therefore, if

the acid-treated montmorillonite (activated clay) is used

as a binder for the synthetic zeolite having the effective

pore diameter of 8 angstroms, the pore of this binder can



adsorbent in the formof pellets as nentioned above. Montnorillonite is a
clay mneral having a chem cal conposition described as
Alferr]Si[err](OH)[err] nHerr]0 and its nane cones froma place nane

J Montnorillon' in France, which produces this chem cal substance. Wen
nontnorillonite is treated by acid,_the pore volune and specific surface of
nmontnorillonite having the pore diaﬂeters of 15 to 300 angstrons becones O.
37cc/ g and

abqut _300nferr]/ respectjvely. The re volu of _the pore
di aneter BHYSIC Yaﬁ@éﬂrbngﬁéoﬁe ﬁbia&ﬁww Ven@ RBL&FUbEFe vol une.
Ther ef or e gjizfe tlher @t dthdeag esn FROEIMS | 4h@NLAR fi@ctbyak@sofbad)bys used as
a binder for .the synthetic zeolite having the effective pore dianeter of 8
angstrons,zet%é ore of this binder can 35
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al um nosilicate such ,as syntetic fraipontite, etc. has a lar ﬁg\ighym cal

adsor pt i orPIHEwksa ] | ads QERT bR ( ROV e Bt iR bl Rechred dersies the pore
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mont nori | Iparticlest ardt ed ccbagyystalsowf mduminosydtibetec salchyss etc. are
prefer abl ysf@égyg%&siﬁ&%isteec,o%q;c‘?‘dﬁggpé il%'}gleagﬁ{'sical adsorption
power like sepiolite. These porous clay minerals have the
pore volume and specific surface of more than 0.2 cc/g and
100 m?/g, respectively, in their pore diameter range of 15
to 300 angstroms. Fabric porous clay minerals such as
sepiolite and palygorskite, acid-treated montmorillonite
(activated clay), various porous synthetic clays, etc. are
preferably employed as the second adsorption layer
according to the invention, which will be described later.
DOP and DBP are the majority of organic contaminants
which are detected on the substrate surface of LSI and LCD
handled in the clean room. These are much contained in the
material made of vinyl chloride and have a molecular
diameter in the range of 6 to 8 angstroms. Accordingly, if
" there is selected and used zeolite which has a pore diameter
larger than 7 angstroms, it can remove DOP and DBP which are
the majority of substrate surface contaminants among the
gaseous organic substances. On one hand, gaseous organic
impurities having an molecular diameter larger than the
effective pore diameter of the zeolite, can be removed by
using an inorganic substance as a binder for zeolite, the



according to the invention, which will be described | ater. DOP and
DBP are the ngjority of organic contam nants which are detected on the
substrate surface of LSI and LCD handled in the clean room These are much
«contained in the material made of vinyl chloride and have a nol ecul ar
diameter in the range of 6 to 8 angstrons. Accordingly, if there is

sel ected and used zeolite which has’® pore diameter |arger than 7
angstrons, it can renove DOP and DBP which are the mpjority of substrate
surface cohnengamhes sibsignce Baseoas aor gahf ec itst paces.diemedres hand,
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rati o of Swefieht]tAtfier$]Qf/&lrD; dra arrloeineip28t o e xacbzalspthés gubwei ty per
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range of gnre than .20, the I sture adsorption quantity is decreased and
no noi st ur 8Y4488N8bisn nadaTes Baffd Yy 40ME SoPU& Jerr]/ Al [err]O[err]

becomes nore thaRig0. 1 9s d2gsieinssiowii Stile radeariphi Batveehhekan of
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quantity per zeolite of 100g (cc/100g). When a value of
Si0,/A1,0, in the range of more than 20, the moisture
adsorption quantity is decreased and no moisture adsorption
occurs when the value of S10,/A1,0, becomes more than 80. Fig.
12 shows a moisture adsorption isotherm of hydrophobic
zeolite when §i0,/A1,0, is 40 and it also shows, for
comparison, the same of the activated charcoal made of
coconut husk. At the relative humidity of 50%, the moisture
adsorption quantity by the activated charcoal is 0.1llcc/g
while the same by zeolite is 0.03cc/g. When zeolite adsorbs
moisture, the adsorption capacity of gaseous organic
substances by zeolite is reduced corresponding to the
moisture volume adsorbed thereby, comparing to the case of
adsorbing no moisture. In other words, the effective time
zeolite can maintain its adsorption ability, i.e. the life
time of zeolite as an adsorbent is shortened corresponding
to the moisture volume adsorbed thereby. Consequently,
zeolite is preferably hydrophobic in order to remove gaseous
organic impurities flying about in the clean room, of which
the relative humidity is ordinarily kept at 30% to 60%.



conparison, the same of the activated charcoal nade of coconut husk. At the
relative humdity of 50% the noisture adsorption quantity by the activated
charcoal is 0. Ilcc/g while the sane by zeolite is 0. 03cc/g. Wien zeolite
wadsor bs noisture, the adsorption capacity of gaseous organic
substances by zeolite is reduced corresponding to the noisture vol une

adsor bed t hereby, conparing to the ¥ase of adsorbing no noisture. In other
words, the effective tinme zeolite can maintain its adsorption ability, i.
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organlc subst ances a dro Fou causi Sur ace
cont ani nathmdroxxboaéscprséalabév stgnﬁeé whécb| éfeoﬁultlmlhtlmlauna i ke t he

silicon waf:s&nrtSaMOH Qi iica 12”4 racganiCl iSIU@Sat Aee3et-BoRBeadsOFtad have
also a hydrloll %re?llép’rllntg,beﬁ%rsreﬁaegrsl? a gydrophoblc group as a
matter of course. However, these organic substances also
have a hydrophilic group causing the surface contamination,
As described above, since the electronic material like the
silicon wafer is hydrophilic and organic substances to be
adsorbed have also a hydrophilic group, it becomes possible
to use hydrophilic zeolite.

The silica/alumina ratio of hydrophilic zeolite is 2
to b while the same of hydrophobic zeolite is 20 or more.
The life time of hydrophobic zeolite as the adsorbent for
organic substances is longer than hydrophilic zeolite.
However, since hydrophobic zeolite is produced by treating
hydrophilic zeolite with acid to remove aluminum component
and then drying it by heat, the former becomes more expensive
than the latter.Cost-down of hydrophilic zeolite can be
achieved relatively with ease by mass production thereof,
but the same of hydrophobic is not so easy.

The filter according to the invention as shown in Fig.
8 can be manufactured as follows. Up to the formation of the
honeycomb structure, all the manufacturing steps are
identical to those which are described previously. Thus, the



to use hydrophlllc zeolite. The silica/alumna ratio of hydrophilic
zeoliteis 2 to 5 while the sane of hydrophobic zeolite is 20 or nore. The
life time of hydrophobic zeolite as the adsorbent for organic substances is
<l onger than hydrophilic zeolite. However, since hydrophobic zeolite is
produced by treating hydrophilic zeolite with acid to renove al um num
component and then drying it by hea8, the former becones nore expensive
than the latter.Cost-down of hydrophilic zeolite can be achieved relatively
with ease 1ppeteistsi v ednd@ingt ivhetborealout whid ldaremdt t agdAdphbbs e i s not so
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ty water_jis to a X th zeolite,p t.he binder i.e.

t he above téeﬁ”g‘gt'ggxe?ngilg]én?%g?%ﬁ%ﬂ%“&r a?ﬁiu &é"o ‘f t&‘l ayi sh

m xture. Tabevel Heilectedkt unerganpcocsax%mﬁdmet,h t}heerdrtat pfofmanpelal etizing
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are then by e sup por § air Je I this case,
the surfackebp ehea snpblrtizing macvdeztreaj nmpar@\dancepbylahsum:gmac flane
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formof the honeyconb structure. have ,such hr ee- di mensi onal nesh
structure BBeaSEBBRTHBE| W1thi 1ﬁhsﬁ9§f3ﬁuéi9réeﬁay %hb‘%\}% WAYh ridd stance

agai nst theguppieetiofe ghe tstptzﬁnqleqanﬁgi ft'r‘é\ﬁﬂt@ﬁ tlhﬁrgahémhbybtan it may
give the Ob}\gxqéagllg Pﬂfe C%pegc%rrtduar}xlttasgeswg It 1s not always needed
that the supporter is in the form of the honeycomb structure.
It may have such a three-dimensional mesh structure as a rock
wool. This mesh structure may show a high resistance against
the objective air to be cleaned flowing therethrough, but
it may give the object air more opportunities to get in
contact with adsorbents than the honeycomb structure.
Fig. 13 is an exploded view of another filter 131
according to the second embodiment of the invention. In this
filter 131, since its honeycomb structure 112 is identical
to that of the filter 100 shown in Fig. 6, like components
in both figures are designated like reference numerals and
the detailed description thereof will not be repeated here.
As shown in Fig. 14, in this filter 131, the first
adsorption layer 125 is formed by fixing zeolite to the
surface of the honeycomb structure 112 which is formed by
alternately stacked up corrugated sheet 110 and thin flat
sheet 111, using a binder made of an inorganic substance
which is capable of adsorbing gaseous organic impurities and
have an effective pore diameter larger than that of zeolite.
"Furthermore, the second adsorption layer 126 is formed by



contact with adsorbents than the honeyconb structure. Fig. 13 is an
expl oded view of another filter 131 according to the second enbodi nent of
the invention. In this filter 131, since its honeyconb structure 112 is

-identical to that of the filter 100 shown in Fig. 6, |ike conponents in
both figures are designated |like reference nunerals and the detail ed
description thereof will not be reﬁ%ated her e. As shown in Fig. 14,
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as a b|ndedsganﬁamnadavwmcﬂ@&emhambposeakléacthaneﬂhangofheephySecal

adsor bt ORod! 1hEaARSCONRe P ALY Gl TBUAILIAY nifeR @l s NELIP JPPYa PE, USET an

I norgani c adheS|on assi sting agent Lum S| fca sol, and
al um na s&@o m&;m¥H§r%JﬁﬂﬁQ#ﬂb@@é@ﬂb?@s%hs@bth@halbv¢@mnbedaa%omplex

adsorpti OB in@ear $ONThet idHH Ofnéludé 204 $RNG afsOI PILLDiAAYERS-
physical adsorption of the gaseous organic impurities. Also,
there may be used an inorganic adhesion assisting agent such
as sodium silicate, silica sol, and alumina sol. Fig. 15 is
an enlarged cross sectional view of a complex adsorption
layer consisting of first and second adsorption layers.
An example of the method of forming the filter 131 will
be explained in the following. At first, the porous
honeycomb structure is manufactured. Up to the steps before
forming the adsorption layers, the same method as described
in the above is applicable, so that the description
thereabout is omitted. In the next, the honeycomb structure
112 is immersed for a several minutes in a suspension in
which zeolite powder and the powder of the clay mineral such
as talc, kaolin mineral, and bentonite which have been used
as a binder so far, and then, the honeycomb structure 112
is further treated by heat at 300°C for about 1 hour, thereby
forming the first adsorption layer. After this, the
honeycomb structure 112 provided with the first adsorption
layer is immersed for a several minutes in a suspension in
which there is dispersed the fine powder of an inorganic
substance which has an effective pore diameter larger than



An exanple of the nmethod of formng the filter 131 wll be explained in
the followng. At first, the porous honeyconb structure is

manuf actured. Up to the steps before form ng the adsorption |ayers, the
-sanme* met hod as described in the above is applicable, so that the
description thereabout is omtted. Jyn the next, the honeyconmb structure 112
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of zeolite powder_ and e i norgan
may include at least one 1norganlc adhesion assisting agent
such as sodium silicate, silica sol, and alumina sol. The
inorganic adhesion assisting agent plays arole in assisting
firm adhesion of zeolite powder and the inorganic binder
which are forming the first adsorption layer 125, to the pore
s of the honeycomb structure 112, and also assisting firm
adhesion of the inorganic substance forming the second
adsorption layer 126, to the first adsorption layer 125. The
honeycomb structure 112 obtained in this way has nothing
inflammable, and gaseous organic impurity components are
completely driven out when the honeycomb structure 112 is
treated by heat. Therefore, the honeycomb structure 112 can
not be a source of gaseous organic impurities by itself. The
filter frame 115 as shown in Fig. 13 is preferably made of
amaterial such as aluminum, which neither generates gaseous
organic substance, nor includes inflammable materials.
Furthermore, the adhesive for fixing the honeycomb
structure 112 to its external frame, or the sealant for
sealing the gap between the external frame and the honeycomb
structure is to be preferably selected from materials which



which are formng the first adsorption |ayer 125, to the pore s of the
honeyconb structure 112, and al so assisting firm adhesion of the inorganic
substance form ng the second adsorption |ayer 126, to the first adsorption
{ ayer 125. The honeyconb structure 112 obtained in this way has nothing

I nf | ammabl e, and gaseous organic inpurity conponents are conpletely driven
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Furthernore, 1t not ~al ways neede suc e parallel.
contact llnes made between the thin flat sheet and the

corrugated sheet. However, it may be possible for these
contact lines to be formed such that they have a certain
angle with respect to the air flow direction. Furthermore,
it is not always needed for such contact lines to be parallel.
It may be possible for adjacent corrugated sheet to be
stacked up via a thin flat sheet such that the contact lines
made between the thin flat sheet and one corrugated sheet
(e.g. upper or lower to the flat sheet) are made to intersect
those which are made between the same thin flat sheet and
the other corrugated sheet (e.g lower or upper one to the
same). Actually, however, in the corrugated sheet
arrangement like this, the wave form of the adjacent
corrugated sheet can not be in phase, so that it becomes
possible to eliminate such a thin flat sheet that has been
prepared for preventing corrugated sheet from being closely
stacked up in phase. It will be understood that the supporter
can be formed in a variety of shapes. Of course, despite the
variation of supporter structure, the adsorbent such as
zeolite can be fixed to any supporter in the same method as
previously described according to the invention.



It may be possible for adjacent corrugated sheet to be stacked up via a
thin flat sheet such that the contact |ines made between the thin flat
sheet and one corrugated sheet (e. g. upper or lower to the flat sheet) are
made’to intersect those which are nade between the sane thin flat sheet and
the other corrugated sheet (e. g |lower or upper one to the sane).

Actual |y, however, in the corﬁ@gated sheet arrangement like this,
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the coated layer, it may be possible to add an inorganic
colloidal sciution as an inorganic adhesion assisting agent
to the above suspension, thereby having the coated inorganic
substance contain the inorganic adhesion assisting agent.
The sort of the inorganic substance and the inorganic
adhesion assisting agent which are coated is the same as
mentioned in the above.

The above filter according to the invention can be
realized by blowing the pellets against the three-
dimensional mesh structure with high speed air jet. In this
case, this three- dimensional mesh structure is impregnated
in advance with a proper inorganic adhesive.

Fig. 16 is a schematic illustration for explaining the
constitution of another clean room 201 according to the
second embodiment of the invention. The clean room 201 has
a constitution basically similar to that which has been
previously described in connection with Fig. 1. Namely, it
includes a working space 202 for manufacturing LSI's, LCD’ s,
etc., a ceiling portion 203 and a floor portion 204 which
define the upper and lower parts of the working space 202,



The sort of the inorganic substance and the inorgani c adhesi on assisting
agent which are coated is the sane as nentioned in the above. The
above filter according to the invention can be realized by blow ng the

‘pel I'ets against the three- dinmensional nmesh structure with high speed air
jet. In this case, this three- dinensional nmesh structure is inpregnated in
advance with a proper inorganic adfdsi ve. Fig. 16 is a schematic
illustration for explaining the constitution of another clean room 201
accor di ngafhd eheesucrsnaashpélbnenrangedhen i themiiden ofTiiecvenkingom 201 has
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preset corkEmRRTrAtAE ShegedRoud vadus A48T dequdatipgcdie shidhedsurface of

the condergatd0f16qi s 2bht 01 PBRER 104 Thet DEnpéra tuvd déi@cthhe air in
the by the sensor 217 and the relative humidity in the return
path are kept at respective preset constant levels, without
causing any dew to appear on the surface of the condensation
coil 216. With operation of the fan unit 210, the air in the
clean room 201 begins to circulate at a regulated air flow
rate in the order of ceiling portion 203 - working space 202
- under—floor portion 204 - return path 205 - ceiling portion
203. During this air circulation, the air is cooled through
the non—-dew type condensation coil 216, and gaseous organic
impurities and particulate impurities contained in the
clean room air are removed through the filter 100 or 131 and
particle filter 212 of the clean fan unit 213, respectively.
The outdoor air is suitably supplied to the under-floor
portion 204 of the clean room 201 through an outdoor air
intake path 220, In this outdoor air intake path 220, there
are provided a filter 221 which includes hydrophilic zeolite
for removing gaseous organic impurities contained in the
outdoor air, a unit type air conditioner 222 which performs
removal of dusts in the outdoor air and controls the
temperature and humidity of the introduced outdoor air, and
a humidity sensor 227 which is set up in the outdoor air



cl ean room 201 begins to circulate at a regulated air flowrate in the
order of ceiling portion 203 - working space 202 - under-floor portion 204
- return path 205 - ceiling portion 203. During this air circulation, the
‘air 'is cooled through the non-dew type condensation coil 216, and gaseous
organic inpurities and partlculate | npurities contained in the clean room
air are renoved through the filter 4400 or 131 and particle filter 212 of
the clean fan unit 213, respectivel The outdoor air is suitably supplied
to the unh@‘ﬁake(ﬂﬁﬂpmiq od zghvefZZﬁzéom cegulabin@cthe presghramfout door air

| ntake patfog?Pvdibd Hhst hga%l%plcdrm B2} o2t 4 tﬁmg‘féagygaoqﬁfov' ded a

filter 221 Ich 1 n¢ rophific zeo S organic
i mpuriti e%lﬁoﬁ?éiihéaopﬁrt I33 ousdeentaplled such thae the komdditivoner 222

whi ch per§gtaeteanpy alheleddstrs22m f[shﬁeﬁlﬂtéj@%r pﬁéée@rlfévcél“t Eﬁlﬁxé he
tenperature nd hun1d|?% of .the i,ntrodugc out door air n1d|ty
sensor 22%0%A1BE §RAGEVE, '?}heﬁﬁésdm‘ﬂ‘bldfeda?mther h“mldlty sensor

44t i nt akezsat fbngﬂu(Al valltwehﬁﬁsdlio? bf?&hﬁt Imlﬁﬂm% rsrpeas:%urzeozo;;sfupply po
wat er in i cont.r ortion o e e air_conditioner
i's controf Fgﬁcgﬁg %%5 qﬁgﬁﬂﬁ;%ﬁﬁleﬁﬁ%éﬂ% bb’t%% SERLST- éihoqs kept at
ﬁ prg;et bertlionl A0dhefwoh&i abespaceo @A) 1 tﬁiﬁ'roﬁuﬁgihsthléﬁvudedoﬁ@iﬂ”lgrz .

umi di t t he workin ac i s
det ect eé §$E§38u3)§oor alq\hi%t ,}é@%gﬂﬁg‘ﬁg ttﬁe de‘?c’ %ﬁ‘{) oﬁ)%m of the
cl ean rooth2otghhthegre ivrm patloll5 and the alealpaighp@ﬂﬁom 203t rBloeiced to the
wor ki ng SB§99?%9%nEhr%@%QIB%Qer%BU&EaQaRR %95 gngnkpﬁdﬁgéblpg ppLtion 203.

The air anoun uce he” wor ki ng space
202 i s exhatkiag sp@ﬁﬁa%i)%xlrﬁawsrthamémdnérge5amead@urséct ePRngnk| 2296.

Al t hough 4ok ghpweyrwhem 1 rzsztea' 'A'l'iﬁoixlghtﬁ?éﬁ slmﬁnpr wia%% iﬂswﬂ x?gD' i ng

portion 2Q3 of the | ean $00n1 , g055|bl descri
referring it Bir§. 180 o3 } Epggsd eh§ﬁﬂ§énaspﬂb ion 2% of lthé @h@#ﬁe ceiling

portion 2930RUL01 PO jcouay hé pioksidlle, as deschifbleld PEfSAdiRERQR Pipg to the
third enbgdlnenhlggoggethem so as not to cover the entire ceiling
portion 203 but to cover it in part.
A filter 311 according to the third embodiment of the
invention will now be described in detail in the following.
Fig. 17a is a perspective view of filter portions
according to the third embodiment of the invention and Fig.
17b is a perspective view of a filter finished by assembling
the filter portions as shown in Fig. 17a. As shown in Fig.
17a, this filter 311 consists of the first and second filter
portions 31la and 311b, the former including synthetic
zeolite for removing gaseous organic impurities contained
in the object air to be cleaned and the latter including an
inorganic adsorbent which has an effective pore diameter
larger than that of synthetic zeolite and is capable of
removing gaseous organic impurities which can not be removed
by synthetic zeolite. As shown in Fig. 17b, these filter
portions 311a and 311b are coupled to each other by screwing
the flanges 334 of their filter frames. In this case, it is
preferable to insert a fluororesin gasket 339 generating
less gaseous impurities between filter portions. The
coupled filter 311 are screwed on respective ducts (not



-invention will now be described in detail in the follow ng. Fig. 17a
is a perspective view of filter portions according to the third enbodi nent
of the invention and Fig. 17b is a perspective view of a filter finished by
-assehbling the filter portions as showmn in Fig. 17a. As shown in Fig. 17a,
this filter 311 consists of the first and second filter portions 311la and
311b, the fornmer including synthetid§ zeolite for renobving gaseous organic
inmpurities contained in the object air to be cleaned and the latter
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on respective dygtgs (f®lis a schematic exploﬁed vEew og fird?® aﬁ?o""n)
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to be cleaned. In this case, as described in the above,
synthetic zsolite is fixed to the entire surface of the
honeycomb structure 332 for the first filter portion 31la
while an inorganic adsorbent having an effective pore
diameter larger than that of synthetic zeolite, is fixed to
the honeycomb structure for the second filter portion 311b.
As will be described later, the effective pore diameter of
synthetic zeolite is preferably more than 7 angstroms. As
will be also described later, the inorganic adsorbent is
preferably selected from diatom earth, silica, alumina,
mixture of silica and alumina, aluminum silicate, activated
alumina, porous glass, hydrated magnesium silicate clay
mineral, activated clay, activated bentonite, etc. Just for
reference, the physical properties of pore s of the
inorganic adsorbent will be indicated in Table 2.



honeyconb structure 332 for the first filter portion 31la while an

I norgani ¢ adsorbent having an effective pore dianeter |arger than that of
synthetic zeolite, is fixed to the honeyconb structure for the second
filtér portion 311b. As will be described later, the effective pore

di aneter of synthetic zeolite is preferably nore than 7 angstrons. As wl|
be al so described later, the inorggsi c adsorbent is preferably selected
fromdiatomearth, silica, alumna, mxture of silica and al um na, al um num
silicate, activated alum na, porous glass, hydrated magnesiumsilicate clay
m neral, activated clay, activated bentonite, etc. Just for reference, the

physi cal pro,er@lé@ Zof paore s of _the inorganic adsorbent will be
i ndi cated in Tabl e 2. L v 146 able 2
Test Piece T8p€ECPfbBe Por eSResiifie (cc/|ioTe Volume oo/ o pce
(Powder) Surfa (nmerr]/g)| Subyal sofyot|i dy N, Adsorption
by BET Method | 15 tgs?ﬁbéeé gstrons abe Mc{ic@tor?fartzg 20D
0.25 silica gel bBET Method tg. 840 angstromg jnj na
gel 25044 0. 60 Alflerr]O[eryJqogs 3SIgerr]
225 dlgF?%Oearth acti'gQ& [err]Q[err] 0.2 300
0. 30 por ousifiagsgel 400400 00./
Sepiolite . 033 act [erdd 'd cl ay
300 q. 37 alunity gl bent oni 250 87 o 0l 23
At this point,] thalgdwil BSBO,brilefly e®5ai ned gn exanplle 68 a net hpd for
manuf acturing [t he jfiil:tar ,popti ons 31lla 311b.; Al th ps takep until
conpl eti on of theaﬁgrlle?céﬁﬁ()%-ructure are identi cal th'zstotehose wh| ch are
described in tlhe nboees Fheshoneyconb #0lucture {332 for G.H&é first fjlter
portion 3lla i|s irnggﬁygiﬂﬂ¥ a suspensi @g n 0.33
actz'd clay 300 0.37
acti’d bentonite 87 0.23

At this point, there will be briefly explained an
example of & method for manufacturing the filter portions
311a and 311b. All the steps taken until completion of the
honeycomb szructure 332 are identical to those which are
described ir the above. The honeycomb structure 332 for the
first filter portion 31la is immersed in a suspension in
which there are dispersed synthetic zeolite powder with a
grain size of several microns, and an inorganic sol binder
such as silica sol, alumina sol, sodium silicate, etc. On
the other hand, the honeycomb structure 332 for the second
filter portion 311b is immersed in a suspension in which
there are dispersed an inorganic sol binder such as silica
sol, alumina sol, sodium silicate, etc., and inorganic
adsorbent powder which has a grain size of several micron
and an effective pore diameter larger than that of the
synthetic zeolite, and may be selected from diatom earth,
silica, alumina, mixture of silica and alumina, aluminum
silicate, activated alumina, porous glass, hydrated
magnesium silicate clay mineral, activated clay, activated
bentonite, etc. After both of porous honeycomb structures



whi ch there are dispersed synthetic zeolite powder with a grain size of
several mcrons, and an inorganic sol binder such as silica sol, alum na
sol, sodiumsilicate, etc. On the other hand, the honeyconb structure 332
for tthe second filter portion 311b is imersed in a suspension in which
there are dispersed an inorganic sol binder such as silica sol, alum na
sol, sodiumsilicate, etc., and inogfhani c adsorbent .powder which has a
grain size of several mcron and an effective pore dianeter |arger than
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0] t'me whi'ch con

in the above tre nt  are ersed suspeéension alns
prinmary paﬁenéléénﬁﬂ?h9385|EQWBMerheW Bdeﬁhéfpbh@arb Bavticles are

nanonet er sz ¢ kg gﬁron“ﬁe@hEh§uPThﬂﬁrX %BE'E55§%@6ﬁba§€?§?ﬁﬂza it the

surface of the 8ne yconmb structure an treate
al unmi na sofrPatefahkrbeabd ShibcaisokLyaluping §m1nangexara% QRa 4

t hree- di mﬂﬁt@ﬂ@imasrggatwrhlﬁzhﬁfaefgcerle,ast Reliirl tRfedod ihéms Hlndl may be
obt ai ned b |nner3|ng por.ous hoqy% ﬁng structure 3%3 bn a syspension in
whi ch onl y2BRECBRSLGENi eRQTdert ke pprhies| 3dd bamay sol is

di sper sed, obndihbdrb$ rle«artdﬂgmgt thy gwesdus honeycAﬁbdﬁSﬂId’hﬁdz gBa2tihe above,

t he f||ter 3 | 31la and
311b i ncl ulle %%?ﬁngﬁ Rh%n&bphiz 1??2“?%%%%Sfuébighlﬁﬁ gﬁ@ﬁ e gaseous
organi c |npmincaesplmhrchlamenaomthr&xﬁnsv&ﬂ&adﬂ andr thenstfeaking and

possi bly C??t?g]ﬂ@%%.the substrate surface, can be renoved during the heat
treatnent o e
As described in the above, the filter 311 composed of

the first and second filter portions 311a and 311b includes
nothing inflammable as its constituents, and also the
gaseous organic impurities, which are contained in the
filter constituents and possibly contaminate the substrate
surface, can be removed during the heat treatment of the
first and second filters, so that there can be no chance for
the filter 311 to be the gaseous organic impurity source by
itself.

Fig. 19 is a schematic exploded view of the filter 311
in order to illustrate another way of combining the first
filter portion 311a with the second one 311b. As will be seen
from Fig. 19, the frame of the filter 311 is first assembled
by using aluminum external frame member 335a, 335b, 335c,
335d, which are made longer comparing to those which are
shown in Fig. 18, and front and rear frame members 320. Next,
the honeycomb structures 332a and 332b, which have received
the same treatment as those for the first and second filter
portions 31:a and 311b, are inserted and arranged in the
inner space defined by the above frame members. In this case,
both honeycomb structures 332a and 332b may be arranged so



-first and second filters, so that there can be no chance for the filter 311
to be the gaseous organic inpurity source by itself. Fig. 19 is a
schemati c expl oded view of the filter 311 in order to illustrate another
‘way of combining the first filter portion 311la with the second one 311b. As
will be seen fromFig. 19, the frame of the filter 311 is first assenbl ed
by using al um num external franme nd&ber 335a, 335b, 335c, 335d, which are
made | onger conparing to those which are shown in Fig. 18, and front and

rear framasmeobiss 2 d3atenNexb, ed die otdray 6oy dler v6har £6e BFtdmadc832b, which
have recei% d thg sane treatngnt  as thogigfor the first and second filter
portions SF&Takt #1AETLAE | ¢ Iidhdmr dhseaboNer ARNPANEPASPace
defined byetfimeabdve thamebowebdramel mdnbierscafeig.bolh Keoseycenht structures
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The i mner TE e oRRTEXEREAIN EYESLIAEY SEoH AR LIRS AL B ARE RIS b
conpl eti n@fdhad }hi-st and second filter portions 311a and 311b. Fi g.

20 is a perspgglig, veaqVvi ey Showrlgecdngkhe i@*rqﬂgﬁﬁgﬂ% Qhothefil ter 311
according to the inventjon. As shomg in the tjgure, the hone gon% structure
380 is di Wdangenent &f tdgi SAdtey Ahli #egPTdISE Hourider jn¥artAeB- which is

set in anAgquikwid abh RAR U igurld, OOt Ro®dfSo § PRy bOREYCOg $kructure
380 in such adm%gner that it neets, the air _flow, direction 383 at
right andildddedpdmter $Wgere&ioREdbY r &M W48 Hat basmdary surfrsepownder

thereof amifdixad tsett Ha sdrtgaedoktene pasitiewi Drowihdie hareyeond
oLyt e A0 BISTERk LOLTLA LNEgh ! ile L s RORL By, M L gdoor bent
fixed to tthe saitraclof tdieeatthiem hdB8 ragi edghft tdweghoneyPedflessructure
380, pelletized from synthetic zeolite or the powder thereof are
fixed to the surface of one half region of the honeycomb
structure 380, thereby forming the first filter portion,
wvhile adsorbent pellets pelletized from an inorganic
adsorbent or the powder thereof are fixed to the surface of
the other half region of the honeycomb structure 380,
thereby forming the second filter portion, the inorganic
adsorbent heving an effective pore diameter larger that of
zeolite. In the example as shown, the about half upstreanm
region 381 of the honeycomb structure 380 with respect to
the air flow direction 383 is immersed in a suspension in
which synthetic zeolite is dispersed, and is then dried,
thereby forming an inorganic material layer made of
synthetic zeolite on the surface of the upper stream region
381. On the cther hand, the remaining half downstream region
382 of the same is immersed in another suspension in which
an inorganic adsorbent is dispersed, and is then dried,
thereby forming another inorganic material layer made of the
inorganic adsorbent on the surface of the above remaining
half downstream region 382, the inorganic adsorbent being
selected from diatom earth, silica, alumina, mixture of
silica and alumina, aluminum silicate, activated alumina,



t her eby forntng the second filter portion, the inorganic adsorbent having
an effective pore dianeter larger that of zeolite. In the exanple as shown,
t he about half upstreamregi on 381 of the honeyconb structure 380 with
respéct to the air flow direction 383 is imersed in a suspension in which
synthetic zeolite is dispersed, and is then dried, thereby formng an

I norganic material |ayer made of swWdthetic zeolite on the surface of the
upper streamregion 381. On the other hand, the remaining half downstream

region 382p%>totégeg$aere h %wdmfedﬂedtalgme%ﬁﬁﬁnh%ﬁlglé%ﬁgnfdl@? Imn\@:glaqh an
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sgrfage oflmhﬁgabwelaﬁgn? mmdﬁmlﬂommfettlthaml beerbﬂ;rﬁﬁﬁg wihtch Iorrorgan:c c
adsor bent n t rom di atgm e silica, .al.umina, .mxture o
silica andpg ﬁg1%§$giﬁﬁ o § éh %t.tatéh alVdfithaty of the
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Fig. 19. Tet Upshoagmesmbesigrcsprent8hased é@%dmrlr@t&m 3800 4 errarred

correspondg; + @+t He1{ef Sfodtl g3 INQY tvhqrte?»%ﬁét Mds@cﬁéﬁ @%fe S1azapy side 382

of the sane, corresponds to the second & portion 5 en installing
the filtertReSane cCRETESOLR ﬁotmthetsw}n eflért@rtwatttcgn ddBr head whi ch

filter porihevallhagfithet filder PprtipntRdlalienal wdong Syntastive zeolite
or the secong.gneriﬁlb cludup thﬁ.énergi?lc ads rb%nt wou q?take an
upstreantp%g t-of ?h §5@Et LS %IF 8&/88ﬁ1ﬁ8 rntPﬁe Jister 311
Al t hough t il tbovedritiiteer 3lla conpbsaddngf synéhbitist zawnd isecond tfhd t er
portions 311a,389,3518198Y i4¢3043%g®he inorganic adsorbent, would
take an upstream positionwith respect to the air flow coming
in the filter 311.
Although the above filter 311 composed of the first
and second filter portions 31la and 311b may display an
excellent ability in removal of organic impurities, the
inventors s%ill know, as will be described later, that an
equally excellent but more compact filter may be realized
by first forming an inorganic material layer made of
synthetic zeolite on the surface of the supporter as the
first adsorption layer, and additionally forming another
inorganic material layer made of an inorganic adsorbent over
the first adsorption layer as the second adsorption layer.
The method of forming the filter portions 31la and
311b is not limited to that which has been described in the
above. Pellets pelletized from synthetic zeolite or the
above-mentioned inorganic adsorbent may be fixed to the
sheet-type base filter media (supporter) in the same way as
mentioned in the above.
Fig. 23a is a cross sectional view taken on line A-A
of Fig. 23b, showing a filter 370 according to the another
embodiment of the invention, which is formed by filling a



excellent ab|I|ty I n reanaI of organic inpurities, the inventors s-ill
know, as will be described |ater, that an equally excellent but nore
conpact filter may be realized by first formng an inorganic material |ayer
‘made’ of synthetic zeolite on the surface of the supporter as the first
adsorption |ayer, and additionally forn1ng anot her inorganic material |ayer
made of an inorganic adsorbent ovedOthe first adsorption |ayer as the
second adsorption | ayer. The nethod of formng the filter portions
31la and 3BSSN&WAGH pehdetd, tand FiE. wABbhi haschess steddrinaddvievt he above.
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vi ew takerfm\fd | ie] YA brfidn ma %he%aesaaf hb‘l%w%? 2ggerding to the
ot e AL, A A B AT ATob At o rooh b o
line 3}3 lczIedlhetd:j[ @he%@mﬂb@ﬂd hﬁlv1§$goﬂ1$ef¢@tﬂa0§ﬁﬂe9fwatlrlfs %hﬁgh and
second filter port.ion a . The first fi r ROrtion
i ncl udes & H’ol c‘fﬂqs q’cé TE& V%’?Eﬂ?ﬁ%%%@ nglF“élléré?'la made of
synt hgt ijc t;?)heblendtﬂwflmxstpagt?»isamwmgmaéeral H@Fld)ﬁ"@@fl m/ahchs,gl\?! f? are
rovi de of oV aperture ar second filter
Bortion BWH%clﬁaze% Slﬁg?ﬁ‘oﬁ}iéﬂ’ﬁ@}?g% 3?!1? d%%ﬁ FEFI 84°¥Ffth pellets
371b made nta‘ntilmxesd)dnergaamtimdm@kbmt,gamleccasismg Béﬂb hdvngaateg 372b
havi ng out a Ljpn L1 |1 | C Iot f vent
aperturesaj% ﬁg\ségag ttwglmv%‘ %o?hggg ﬁ&g 9352%? §eBFosed t he
air to be afextiat: § i37St basmh ibreditder ofitba tix @mghmglseﬁ')%laetd B87kbed Iayer
(371a) of 1t§19c1009§éd‘9 W@%lﬂ-h@d‘ bé htel@altfetf 'ioi"i‘%ti gfa%‘é%@ Hg%ﬁgagﬁtba ween

t he outeréggrlbﬁt ii g a_and an out ernn and enters
in and pa sfclhd’el’ie @ﬁrgb het k2 yer | &7 )| pédﬂP%M@rSI(@fS@?aof t he
casing 372Zthemnahki At |Md‘ds()\ﬁ'ﬁr@ukhf‘dmsb%ecﬁ’éw@erﬁ% odt¥r @l 1f !l ow
direction Ifn%h%ecgglenéblﬁa ang an outermost cylinder 374, and enters
in and passes outside-in through the pellet filled layer
(371b) of the casing 372b, and finally flows out from the
casing 372b. The air flow direction inside the filter 370
is indicated by several arrows 375 in Fig. 23b. In Fig. 23b,
the first filter portion 370a is positioned upstream from
the second filter portion 370b, but this positional relation
may be reversed.
It is also possible to manufacture a filter utilizing
the pelletized adsorbent according to the following method.
For instance, Figs. 21 and 22 respectively show a partial
enlarged cross sectional view of adsorption layers formed
according to this method. These adsorption layers can be
formed by jetting the pellets against a supporter to the
surface of which an inorganic incombustible adhesive is
applied in advance. In this case, the pellet supporter may
be not always required to be of honeycomb structure as
mentioned above. It may have a three-dimensional mesh
structure like a rock wool. The mesh structure may generally
show a high resistance against the object air to be cleaned
when it flows therethrough. However, this means that the



I's indicated by several arrows 375 in Fig. 23b. In Fig. 23b, the first
filter portion 370a is positioned upstreamfromthe second filter portion
370b, but this positional relation may be reversed. It is also
-possi'bl e to manufacture a filter utilizing the pelletized adsorbent
according to the follow ng nethod. For instance, Figs. 21 and 22
respectively show a partial enlarged cross sectional view of adsorption

| ayers formed according to this nmethod. These adsorption |ayers can be

formed by meshi.ﬂg:ttdmmhlhqtmwaheﬁbﬁeﬁwam@rﬂo&fe thaibe ofugd ecinf which
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adsor bent s g%&fhg E b?ﬁ% @%gﬁg?ﬁféﬁn%p%ﬁégér%i&éépgg&tgéﬂgﬂgﬁorter may
be produceé @;/arnéhfmxtmmg agrdeps odugipyped ke by havd ngy at dbaneterol i te
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adding city water to this mXxturée thereby formng a clayi Ysh¥ i %t lre, and
pr oduci ng BePrdl & thZdnggnachiiffet er of about 0. 3 to 0 8mm fromt he

clayish mixture Ry dBa9siPEdaiPeilLlbbivdy SREPENEhe f11ter’§'53‘11?5§x'id bed in
t he above |nQe h fllte%g 311qud 37 |ncIu des noth g |nflannable as
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which are i) gggdofrh§{§hChFa%rl%thrt chemical filter relying on

the inflammable activated charcoal.

In general, it is believed that most of the gaseous
organic impurities, which are generated in the clean room
used as the working space for manufacture of semiconductor
devices or the 1like and act as substrate surface
contaminants of LSI’s, LCD’ s, etc., might be high-molecular
organic compounds having a high boiling point, for instance
organic siloxane generated from some sealants, phosphoric
ester from a flame retardant contained in some building
materials, phthalate from a plasticizer contained in some
building materials, HMDS from an agent facilitating close
adhesion of the photoresist, BHT from the antioxidant
contained in cassettes. Accordingly, a source of these
organic contaminants exists in various articles and
materials which constitute the clean room itself and are
used for manufacturing products therein. However, it is not
so often that such contaminants are contained in the outdoor
air introduced in the clean room. Accordingly, the main role
of the filters 311 and 370 is to remove the high-molecular
organic compounds having a high boiling point, which are
generated inside the clean room, carried by the air
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granular activated charcoal and the other including fibrous

activated charcoal, filtering the same with a chemical

filter including ion exchange fiber, and having the clean

room air dried by cooling it with liquid nitrogen, thereby

condensing and removing impurities contained therein. Fig.

24 is a graph showing the results of the above evaluation

on cleanliness of the clean room air. As the silicon dioxide

film and a glass plate become free from organic contaminants

immediately after rinsing of them, their surfaces have an

affinity for water, in other words they become hydrophilic,

thus indicating a small contact angle. Contrary to this, if

their surfaces are once contaminated with organic

substances, they come to shed water well, in other words they

become hydrophobic, thus indicating a large contact angle.

When leaving a glass plate in the clean room air and

measuring a contact angle between its surface and a very much

purified water droplet dropped thereon with the passage of

time, it is known that there exists a certain mutual relation

between the contact angle measured by water droplet method

and the degree of surface contamination measured by the XPS

(X~ray photoelectron spectroscopy) method. An example of

this is shown in Fig. 25. With regard to the silicon dioxide



room air dr| ed by cooling it with liquid nitrogen, thereby condensing and
renmoving inpurities contained therein. Fig. 24 is a graph showi ng the
results of the above eval uation on cleanliness of the clean roomair. As
*the silicon dioxide filmand a glass plate becone free from organic

contam nants inmediately after rinsing of them their surfaces have an
affinity for water, in other words 58hey beconme hydrophilic, thus indicating
a small contact angle Contrary to this, if their surfaces are once
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wth S|I|con dr oxi %a% ean roomair filtered by
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above- rrentloned dried clean roomair all day |ong, since gaseous, orgam o
i npuriti estheetemb fiece in the above-mentioned dried clean room air

all day long, since gaseous organic impurities are hardly
contained therein, no increase in the contact angle is
observed. In case of leaving the test piece in the clean room
air filtered by the above—-mentioned two kinds of activated
charcoal fi_ters, no favorable result is obtained despite
that their protection ability against the surface
contamination by organic substances is much expected, and
the contact angle shows increase of about 10° , eventually.
The reason way these activated charcoal filters fail to give
full play to their ability might exist in their constituent
materials such as binder, adhesive, sealant, and so forth,
which possibly generate a considerable quantity of gaseous
organic impurities. Thus, their adsorption power might have
been consumed in large part for adsorbing impurities which
are generated by themselves. In order to avoid the secondary
impurity source like this, it might be considered to use a
filtration tower, especially a metallic filtration tower.
However, the filtration tower might be not always
advantageous when considering its high pressure loss or vent
resistance as previously described.
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| eaving the test piece in the clean roomair filtered by the
above-nentioned two kinds of activated charcoal filters, no favorable
‘result is obtained despite that their protection ability against the
surface contam nation by organi c substances is nuch expected, and the
contact angle shows increase of abédt 10[err] , eventually. The reason why
t hese activated charcoal filters fail to give full play to their ability
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cycle i e. nsi n -~ cont act re - contact
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adsor pti OWh%bthbi‘PQ'i'éﬁQ@oPhH‘%hfa'ngteeéf "H'htehfii‘@emo%ﬁstﬁgﬁlé)%a%bﬁﬁe In this
measur enent te of the air circul atlng in the clean roomwas set
as 5000n{ é)rfr]mﬂqlq]. mé%ls measurement, the flow rate of the air
circulating in the clean room was set as 5000m®/min while
the quantity of hydrophobic zeolite fixed to the honeycomb
structures was set as 5000kg in total. This means that
hydrophobic zeolite of 1kg was used at a flow rate of 1m*/min.
The outdoor air was introduced in the clean room at a rate
of 200w*/min, which corresponds to 4% of the total
circulating air volume. The entire volume of the clean room
was 3120m® and the air circulation rate was set as 100 times
per hour.

For comparison study, the above-mentioned 3-day
exposure cycle was repetitively carried out every 15 days
with respect to a test piece similar to the above-mentioned,
after replacing the filters containing hydrophobic zeolite
by conventional chemical filters of the felt type which is
composed of fibrous activated charcoal and a polyester
binder having a low boiling point. In this case, the fibrous
activated charcoal of lkg was used at a flow rate of 1m®/min.
For further comparison study, the above-mentioned 3-day
exposure cycle was repetitively performed every 15 days with
respect to a test piece similar to the above~mentioned under



“the quantity of hydrophobic zeolite fixed to the honeyconb structures was

set as 5000kg in total. This neans that hydrophobic zeolite of |kg was used
at a flowrate of Inferr]/mn. The outdoor air was introduced in the clean

‘roohat a rate of 200nerr]/mn, which corresponds to 4% of the
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Fig. 26 is a graph showing results of contact angle

measurement, more specifically the contact angle change

with the passage of time which was measured after performing

the 3- day exposure test every 15 days in the air filtered

by different filters, namely (1) in the air circulating

through the clean room provided with air filters according

to the invention, (2) in the air circulating through the

clean room provided with conventional chemical filters, and

(3) in the air circulating through the clean room including

no special means against gaseous organic impurities.

As will be understood from the figure, the test piece

exposed to the above air (3) increased its contact angle from

3° (immediately after rinsing) to 26° - 30° after the first

3- day exposure test. In case of exposing the test piece to

the air (1) cleaned by the filter including the hydrophobic

zeolite adsorption layer, its contact angle was kept lower

than 4° after the first 3-day exposure test. With the

passage of time, however the adsorption ability of the

hydrophobic zeolite layer gradually went down, so that there

was increased the concentration of gaseous organic

impurities in the air passing through the adsorption layer.
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to the filter of the 1nvent10n, as briefly described in the

above in connection with the method of manufacturing it, as

the filter contains no organic material as its constituent,

there is no chance for any gaseous organic impurity to be

generated therefrom. In case of the conventional chemical

filter, the adsorption ability of the activated charcoal

also went down with increase of time the air flows

therethrough. The contact angle of the test piece exposed

to the air filtered with the conventional chemical filter

was increased up to 20° when 6 months has passed.

Various studies have been made on hydrophobic zeolite.

As known well, main components of zeolite are silica (Si0,)

and alumina (A1,0,), and the relation between the weight

ratio (Si0,/A1,0,) and the moisture adsorption quantity of

zeolite has been already discussed referring to Fig. 11. Fig.

27 shows a moisture adsorption isotherm of hydrophobic

zeolite when an air temperature is 25C and Si0,/A1,0, is 40.

For the purpose of comparison, Fig. 27 also shows a moisture

adsorption isotherm of activated charcoal., At the relative

humidity of 50%, the moisture adsorption quantity (cc) per
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in the experiment. The quantity of the adsorbent as charged
in the column, the section of the column, the air flow rate,
and flow speed are commonly set regardless of a sort of
adsorbent. However, the charged density, charged volume,
charged depth of respective adsorbents in the column and the
time of getting in contact with respective adsorbents were
varied depending on the grain size and density of respective
adsorbents. On one hand, there was provided a container for
contact angle measurement, which had a capacity of one liter
and was made of a material which generates no gaseous organic
impurities by itself. The container inlet was connected with
the above- mentioned column, and the air passing through the
adsorbent in the column was supplied to the container at a
flowrate of 3 1it. /min. and flows out from the exit thereof.
The test piece (silicon wafer covered by a silicon dioxide
film) was placed in the container and kept for 20 hours
therein, and then the contact angle was measured. The
adsorption power change with passage of time was measured
with respect to each of the six adsorbents by continuously
repeating a 20-hour exposure cycle i.e. 'rinsing the test
piece - 20-hour exposure - contact angle measurement.’



in the colunn the section of the colum, the air flowrate, and fl ow speed
are commonly set regardless of a sort of adsorbent. However, the charged
density, charged vol une, charged depth of respective adsorbents in the
> colamm and the tinme of getting in contact with respective adsorbents were
vari ed depending on the grain size and density of respective adsorbents. On
one hand, there was provided a conb&i ner for contact angle neasurenent,
whi ch had a capacity of one liter and was made of a material which
generates no gaseous organic inpurities by itself. The container inlet was
connected with the above- nentioned columm, and the air passing through the
adsorbent in the @mh was supplied to t container at a flowrate of 3
lit. /min| and flows out fromithe exit therieoCha¥pedtefst piece (jsilicon
waf er cove %% &ﬁs §6¥gbﬁg<)u&npqan%5cwm geed.in RHanEbhY di ner and
ours

kept for 2 her'ei’'n, andit hegn e contac q—gg WeChavgasiuried. The
asured with riespect to

adsor pti on_power_ change mﬁth Dassaqe of tine

each of trqyﬂﬁbﬁgﬁymtxgg@qu@ cont i nuously |repeating a|20-hour gxposure
cycle i.e. r|n5| omé% t est plece 3@0 hour exposure t contact jangle

nmeasur eme angs 58 Tabl € 3
Appear ance }mﬂarcgﬁrbbl.%uliye SorQ. 8maAdsor berl Appear ance Density
Ch d & Si / Ch dX
ngigghi|,(GLMBEStYQQﬁlnGvan } i Q—ig Cclgu ophgggg Zeolite
0. 85nMm HYdrOHhE%§QE$Qﬂkﬁﬁ¢OnE) Hydr ophillic Zeolite|(8 angstrloms)
0.30 - Wdr@mm{ggstlZ@ﬁ)A)te (. 85gm0 - 0. 42 0.04g (I8

angst r ons) g Lyared: - 8- 8 0. 4D. 36! (bWt husk)

0. 85mm 5}5’ te - Sonn

(8 angstroms)
Activated Charcoal 0.30 -
' (coconut husk) 0. 85mm
Activated Charcoal
(petroleum pitch)

0.36

0.6 - 0.9nm 0.52

Column Volume Thickness low
Sort of Adsorbent Charged of Layer Rate

Area (ce) (mm)

0.15cm? 0.069

Hydrophilic Zeolite
(6 angstroms)
Hydrophobic Zeolite
(6 angstroms)
Hydrophilic Zeolite

4.6

(8 angstroms) 0.096 |
' .01

Hydrophobic Zeolite 6.5 3.01/min

(8 angstroms)

Activated Charcoal 0. 11

{(coconut husk) . 7.4

Activated Charcoal 0.078 2

(petroleum pitch)




Activated Charcoal 0.6 - 0.9nm 0.52 i (petrol eum pitch)

Vol ume | Thickness Sort of Adsorbent Ar ea of Layer

( Areatrons) | (cc) (nm Rat e Hydrophilic Zeolite 0152 0. 069
(6 angstromns) Olc .6 Hydrophobic Zeolite

4.6 (6 angstrons) __. Hydrophilie Zeolite (8
angst rons) 0. 6696 Hydr ophobi ¢ Zeolite

6.5 3.01/mm (8 angstrons) Activated Charcoal 0. 11
(coconut husk) 0.11 7.4 Activated Charcoal

0.078 5.2 etroleum pitgch ;
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(see) Hydiephidtie—Zeolite- 4vd-s Q?HAEEC(G angst r oms)

0. 0014 FNjﬁgéﬁonhélieoZﬁDéiG@Uanggtéﬁys) Hydrophilic Zeolite (8 angstromns)
0.0019 Hydrephaps¢rdaadite (8 AngSt nd) ActivaPeBObharcoa| (coconut husk)
0. 0022 Ac h¥8§ggh039%rig%ﬁi%%e roteunT prtTi) 0. 0016

(6 angstroms)
Hydrophilic Zeolite
(8 angstroms) 0.0019
Hydrophobic Zeolite
(8 angstroms)
Activated <Charcoal

(coconut husk) 0.0022
Activated <Charcoal
(petroleum pitch) 0.0016

Fig. 28 shows a graph showing the contact angle change
with passage of time with respect to above-mentioned 6
adsorbents. All the test pieces showed a contact angle of
about 3° immediately after rinsing it. In this figure, a
curve 440 shows the contact angle change of the test piece
which was exposed to the clean room air, immediately after
rinsing it, before passing through any adsorbent. A curve
441 shows the contact angle change of the test piece which
was exposed, immediately after rinsing it, to the clean room
air passing through an adsorbent which is hydrophilic
zeolite with an effective pore diameter of 6 angstroms. A
curve 442 shows the contact angle change of the test piece
which was exposed, immediately after rinsing it, to the
clean room air passing through an adsorbent which is
hydrophilic zeolite with an effective pore diameter of 8
angstroms. A curve 445 shows the contact angle change of the
test piece which was exposed, immediately after rinsing it,
to the clean room air passing through an adsorbent which is
hydrophobic zeolite with an effective pore diameter of 6
angstroms. A curve 446 shows the contact angle change of the



"Fig. 28 shows a graph show ng the contact angle change with passage of tine
W th respect to above-nentioned 6 adsorbents. Al the test pieces showed a
contact angle of about 3 imediately after rinsing it. In this figure, a
“curve 440 shows the contact angl e change of the test piece which was
exposed to the clean roomair, inmmediately after rinsing it, before passing
through any adsorbent. A curve 44168hows the contact angle change of the
test piece which was exposed, immediately after rinsing it, to the clean
room air P&S3i ngecarmmhmwdsnosedu mmeﬂlat$IWdfbph|ﬁnmmmoit1e with an
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zeol i te widngsar dafs.eatévey Pads ghowstidie @Bnéaaﬂgﬁgrl%haﬁ\gegff/?hé‘45 shows
t he cont act 8| e ch ngghof the test piece w?s expose, I, medi atel y
after rin erfg £ eCf N M AXPESAfaj TuBpAia b % A Bﬁlﬁl‘rld’rfslé’cﬁséﬂibent whi ch

i s hydzzgmﬂﬁmhez?ﬁbaher?w hl&nplafs'éeﬁ‘glmm}ﬁaﬂl auebebewt oF RRYSKrons. A
curve oWs e gontact angl e chan

test pirsc B Eﬂmwgegip&e"b" ‘fﬂ%e%fﬁ?‘@lrf%flt Badeigkiangatiralo the
cI ean roomad mapasdialg Ahcrumgél 4344 shewsbiend colnitelk ti snHyelrcidngei 6fzeolite
with an eff C 8 angstro 443 .shows t he
cont act ange"att %gnlg%g? tharﬁt §é§ ‘{))fpe%see 18‘!?”3&?8;50%@ T TiRSdPBtely after
rinsing itit,t do Hdeclke@anr voomardrppsssiggt thvagth an adsorbent; of whi ch t he
mai n conp h | Mt f r t al .
curve 444cmﬁrb egq%:don &ﬂnﬁ:&n}g&e:pc sa%cejﬁov% i %q’teglsft %SI e@gd\%o%hh
exposed, isWedietid yaffariak.insing it, to the cl ean room air passi ng
t hrough an adsom%ntfoqflomleéﬁ wtﬂq r@ rle%‘i"ﬁ%‘?l”?'}to[m g&ctg gated charcoal nade

e

of a synthetic teri al follown [earned fromFig. 28.
1. Regarding xceRp&agdings e&@eblr?ﬂ%no poddsorpbiapsaranats 8an be

lined up igddd¥beritiere Bdhelrndd 4t the order of the curve 446
(hydrophobic zeolite with an effective pore diameter of 8
angstroms) » the curve 442 (hydrophilic zeolite with an
effective pore diameter of 8 angstroms) > the curve 443
(activated charcoal made of a natural raw material) > the
curve 445 (hydrophobic zeolite with an effective pore
diameter of 6 angstroms) > the curve 441 (hydrophilic
zeolite with an effective pore diameter of 6 angstroms) >
the curve 444 (activated charcoal made of a synthetic
material). The activated charcoal made of a synthetic
material has a especially poor adsorption power.

2. Hydrophilic =zeolite with an effective pore
diameter of 6 angstrom (curve 441) begins to lower its
adsorption power when the time of flowing the ¢lean room air
therethrough exceeds about 30 hours. Both of hydrophobic
zeolite with an effective pore diameter of 6 angstroms
(curve 445) and the activated charcoal made of a natural raw
(curve 443) begin to lower their adsorption power when the
time of flowing the clean room air therethrough exceeds
about 50 hours.

3. Hydrophilic zeolite with an effective pore
diameter of 8 angstroms (curve 442) may maintain its

i



'(“hydrophobi c zeolite with an effective pore dianeter of 8 angstrons) > the
curve 442 (hydrophilic zeolite with an effective pore dianmeter of 8
angstrons) > the curve 443 (activated charcoal nade of a natural raw

‘material) > the curve 445 (hydrophobic zeolite with an effective pore

di ameter of 6 angstroms) > the curve 441 (hydrophilic zeolite with an
effective pore dianeter of 6 angstfébns) > the curve 444 (activated charcoal
made of a synthetic material). The activated charcoal nmade of a synthetic
mat eri al adsoapéspacpakwkey pooilatlserpinomfhdiewing the @ledydroguilic
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effectiveapgr e h&i L6/ 2 1QYd Qﬁ%dlo%ég%%g%4ﬁa%ﬁé%0&%ﬁegfaVlat ed

char coal gade of .a patural raw (curve, I heir "adsor ption
power whehCUE&et AAd) omay| Bainbat hethe Bardsoumtdion pREest urbubHtlescceeds

about 50 BewesSef flowirg thidyeleRRidddm a3@0théLet WUk 2Bachbbemyd ve pore
di anet er pr 8 angstronms (curve 442) may maintain its

61 adsor pPHEF-power until the tinme of flowing the clean roomair
therethrough goes up 40 1meljpur@Mﬂyygl{@g)hogagoggghbhe \ﬁiotwtéran sf fective
pore dia t%r of, % ,%n st omé ]&CU{ve 446_)Jf anq,%he activated charcpal made of
a synt het ¢ SFaPSi4C ZeatyEesnayingamgiiests vervore dismederon fower unti |
the tine ahglsitewimsy (chevel da)r advhaihy dirhehelhecowgbl i eachesiR@Oadours.
OGRS LR L A A N
havi ng anoéf teetdons qudr endil anet ¢hedfe Sirmnigas soage (cfutheiddR)e ineternms of
i cont sl s e, BepLoh S gihal g SRR L pEC (e
(curve 44Mpdersigedd thetcbheafermer (curve 441) changes the contact

angle from 3° to0 7.8° while the latter (curve 442) changes

it from 3° to 3.5° . Similarly, when comparing adsorption

power between hydrophobic zeolite having an effective pore

diameter of 6 angstroms (curve 445) and hydrophobic zeolite

having an effective pore diameter of 8 angstroms (curve 446)

in terms of the contact angle at the beginning stage of their

use i.e. before their adsorption power begins to go down,

it is also understood that the former (curve 445) changes

the contact angle from 3° to 6.4° while the latter (curve

446) changes it from 3° to 3.1° . From these results, it may

be determined that hydrophilic or hydrophobic zeolite

having an effective pore diameter of 8 angstroms can

completely remove a very small quantity of organic

substances contained in the clean room air, while

hydrophilic or hydrophobic zeolite with an effective pore

diameter of 6 angstroms can not completely remove such

organic substances and possibly allow some of them to pass

therethrough.

5. Hydrophilic or hydrophobic zeolite with an

effective pore diameter of 8 angstroms (curves 442 or 446)

and activated charcoal made of a natural material (curve

443) have better adsorption power by far than hydrophilic
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mtho 7. 8[err] while the latter (curve 442) changes it from

3[err] to 3.5 . Simlarly, when conparing adsorption power between

hydr ophobi ¢ zeolite having an effective pore dianeter of 6 angstrons (curve
445 and hydr ophobi c zeolite having an effective pore dianeter of 8
angstronms (curve 446) in ternms of the contact angle at the beginning stage
of their use i. e. before their adédrption power begins to go down, it is
al so understood that the former (curve 445) changes the contact angle from
3 to 6,4 owhhydropkobdrt eeoldtevei 4h63n ofieyesiviet porend3psetertaf 3. 1 .
From t hes el.er e h Iyl K ophobi c
zeolite hgvéggyﬁam?fg megﬁéﬁebg ga@ qntd ?&gwgfé’fr&har%og% r@%@é ely
renove a 0&r¥ mﬂheﬁmmatte)rldf écgame&%@bstlanééée twnmtn@dlsom the

clean rogiy @hfeculbt!dt ?Mg&ﬂps'l'ze' ’fsqrar@é‘itrﬂpﬂp@'tﬁ ﬁcl:]'dttﬁ/ hfle an

effective pore di aneter can not_conp ve such
or gani ¢ sdbameteds aﬁ@n|§§§§|eblt9fYal Ib‘%‘ S(frwtofthhém}mdr g liilger @I t hr ough.

5. Hydroply 'd'r‘bp%roﬂlwrz‘mﬂqbdec viagl idi e\@fte*u%eefpt:%t 4¥8nBeLe gtageter of 8
angstrons (curves 44 or 446& and act at ed ch arcioa ma a natural

mat eri al @W%) qHEME Dt T ra efyg 1 ffapﬁﬁﬁaheﬁyarophmc

62 or hyareahQhiLl Zemduret W odialld %QiHch%n%rse c@ndaehed 9h €hangstrons

(curves 441 or 445) and actjvated c arco e qQf a synt c material
(curve 442‘P)jleaZ’e6I°Pf"eab5ﬂ lrfb‘il%f’d%%lﬁ &yt ﬁ%"’g&ﬂ qagfs §hE‘BSFs | ar ger

L hgn IL 'S| %flfle(tihlevegﬁﬁhﬁcSSﬁBEt@il‘xces%ﬁﬂw& P})p thbheleétﬁqfogmt hat -
ydr ophi li.c r.ophobi ¢, zeoli t n effective pore di.ameter o
angst r oms (Sc@'r%vé ﬁ‘@)“ ﬁag% ﬁ‘rﬁl E\? 28y %\}besroerﬂ:g’(fpzfx\?éfc)’/ gﬂé anount
of organi q&iﬂsﬁﬁmeshowntanrﬁedu 128t her el &ata irroodn - @inr oné riciroht ehet hat t he

ol ecul ar gk Yo Mo Inlai VIS A URCHTHPSIRNEES GOHAAGARC! e o ean

roomair i's at e Jexperiment resul ts
as shown izedHigte Z&hhera@ @iﬁfacmede p@ne cﬂmeam{ﬁd‘ ofhé Ml@‘ﬁmﬁiaal SO

indi cates §Pair Py E5PPBbles OfatVHLYMPI €0 some extent but still
permits some of organic substances to pass therethrough.
Consequently, it is considered that organic substances
which are not caught by these adsorbents may have a molecular
size larger than 6 angstroms but smaller than 8 angstroms.
Further comparison. study was carried out on the
humidity control in the clean room according to the
invention. More specifically, there was studied the change
of relative humidity in two clean rooms such as shown in Fig.
1, one being provided with hydrophobic zeolite filters
according to the invention, and the other being provided
with ordinary chemical filters which are made, for instance,
in the form of a nonwoven fabric by interweaving fibrous
activated charcoal with polyester fibers having a low
melting point. For operation, the temperature and humidity
of these clean rooms were commonly preset as 23°C and 50%
RH respectively, and other conditions were set equal to each
other except difference ina sort of the filter. One humidity
sensor was set in the outdoor air intake circuit provided
downstrean from the air conditioner unit which removes
airborne dust particles and regulates the temperature and
humidity of the clean room, and the filter for filtering the



zeolite W|th an effectlve pore dianeter of 6 angstrons has adsorption power
satisfiable to sone extent but still permts sone of organic substances to
pass therethrough. Consequently, it is considered that organi c substances
whi ch are not caught by these adsorbents may have a nol ecul ar size |arger
than 6 angstrons but smaller t han 8 angstrons. Further conparison
study was carried out on the hunidi@y control in the clean room according
to the invention. Mirre specifically, there was studi ed the change of
relative hemtdooy |a*111tv\o'l‘&1leeamat©nrrsslmpdw asathewnfi ntFeg.humiding bei ng
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?)?6 for about 2 weeks after starting operation of the

clean room, during which the activated charcoal comes to
equilibrium with moisture in which condition moisture is no
more absorbed by the activated charcoal. Contrary to this,
in case of the clean room provided with the chemical
(hydrophobic zeolite) filters of the invention, since
hydrophobic zeolite scarcely adsorbs moisture contained in
the air passing through the filters, the relative humidity
of the clean room could be maintained at a level of 50% as
preset initially. If the relative humidity becomes lower
than the preset value in the process of manufacturing LSI’s
or LCD’ s, static electricity is easily generated on the
silicon wafer substrate surface or on the glass substrate
surface, thereby microscopic particulate contaminants in
the air being attracted to the substrate surface,
electrostatic breakdown being caused on the substrate
surface, and production yield being worsened. Accordingly,
in the clean room provided with conventional chemical
filters, a drop in the production yield took place for about
2 weeks. Contrary to this, in case of the clean room provided
with the filters according to the invention, the relative



contal ned in the air passing through the filters, the relative humdity of
the clean roomair was naintained at a |evel of about 45% which is | ower by
5% than a preset value of 50%for about 2 weeks after starting operation of
*the ‘cl ean room during which the activated charcoal comes to equilibrium
Wi th noisture in which condition npisture is no nore absorbed by the
activated charcoal. Contrary to th%, in case of the clean room provi ded
with the chem cal (hydrophobic zeolite) filters of the invention, since
hydr ophobhémb@bt v tceotslchbadiai ndcsiovask a el BY BF et vadng) nel thattthersi r passi ng

t hrough tﬁssfehagéa nbh§r68| 2hi ¥RehyPLELEYi0h fb@l&' ean room coul d be
mai nt ai ned at | evel oa reset initial

I f the elatlve hunldlty
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orbLCDf Shuﬁifatiltst eb@'cfaslowitw:} Ir%s@%%ll;c' Yogﬁﬂﬂcdte%@l o HEA %kblliIEQﬂs waf er
substrate surface AassS substrate,s e, er e nlcroscoplc
particul af EBlem n&nt étd1 ‘ﬁh‘ecsh € BROViAe ét‘ffﬁb ‘@dp H"’e1 substrate
surLace ékécb:rgs})a‘ghlec ddrwdm(gm b0e| ngdﬁﬁuisedie@nwitﬁe thlxbvsé!tﬁicﬁlaslurfa_cg dand
product i on, yi e i wor ed. Accor di o roomprovi de
P th con BhERERaLEhIHe R 250 e CEEERE £Fntns AetaT aled i A oY ok
pl ace foraabnus Ra ine ekl t Gomtedira; tamdt hhe, cl eacasmB nbepr:é\eahad oom
provided te rd n e.r
02 b oV yB AN RS P iR B dch,T BhV AN Pon $RAL PR LS s
caused nocdmmpnunammd pricductd an gileéxd.only thFoughethoie, c ahbiter
conpari so e n 4 two clean
Coome. A aRaTBIgE (SEnARYS A ICABY B kN aBROK] Bbr Mort Lofe PEF AR ot a1
filters. mﬂuen@ﬂéaﬁﬁo&nwvw,pﬁmxdemommns;@mh@mtbmltwcphehewamsf| lters
450 i ncl u%lagcsfnmeieéwcfémze&d th%rnpeakhaétuéﬁbmrbafﬁtlltt%nnﬁim and the
cl ean rooq13wng provid ﬁ Eﬂ*c %fr as such ‘E Qt h cl ean room A
and B are48 ﬁFEat%%l OtWH‘ éa &t Bnh%ﬂ“t %éﬁ“?ﬁél‘* di| $8y portion .
(supply plignuhk 4bdamncbamder Thl oRe ®bddn Do 41 Utere is provided
a device 456 for applying a necessary pretreatment to a
silicon wafer before forming a gate oxide film thereon. On
one hand, in the clean room B, there is provided a device
457 for applying a silicide process to the silicon wafer.
The -above two clean room A and B are operated under the
condition in which the ambient temperature and relative
humidity are preset at 23°C and 50%, respectively.
Table 4 shows an allowable concentration of chemical
contaminants {(ppt) necessary for the 25 micrometer process
(’98 and thereafter) included in the article entitled
'Forecast Of Airborne Molecular Contamination Limits For
The 0.25 Micron High Performance Logic Process’ of
Technology Transfer #95052812A-TR published by SEMATECH
(U.S.A.) on May 31, 1995,



" plenum 452. However,
i sol ated from each ot her
30, a humdity sensor 454 is set

453. Al so,
in the clean room A

their portions other than two plenuns are conpletely
by a partition wall as shown in Fig.

In the clean room A,

*thefe is provided a device 456 for applying a necessary pretreatnent to a

silicon wafer before formng a gate_oxide filmthereon.
cl ean room B,

process to the silicon wafer.

On one hand,
there is provided a §8vi ce 457 for applying a SI|ICIde
The -above two clean room A and B are

in the

operated under the condition in which the anbient tenperature and relative
humi dity are preggh ealy 23[err]C and 50% respectively.
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Tabl e 4

shows

ch -epp¢9—44399544ﬂq+—ﬁ0r t he
25 m cronmgeter process (' 98 aMﬁnrmweafter) i ncl ude HEEPLQG article
entitled t r bof neyiNbl ecu Cont ts he 0.25
Mcron Hi gg%%gr%f g?rngAl _OGSLlcl\éb Pr ogegg' qurEchh oM atyed r ar{js?)13]¢r=§1rn-IE
#95052812A- TR publ i shed by SEMAFECH (U. S. A ) on Muy!131, 1995 _
g?ocess St zggLGa&e Sit ncidp Al kg’?TOOO /tls’ 000 Dolp 000 | Toap.d me
Dopant Pref#ddation 3.000 0?’1 00050% 1,4)(1% B nrﬂg
oxi dati on L L4 50% 50980 | 13,7600 35,9190 1, 000
180 1310082lizddaddon 1,000 Salidation. i%%?_ %%%)
75% 15% Cont act 50% 5 3%%goor o 10d5%00
Formation)|Contact 50% ¢ 25% 13, @600 2, 0604 DWW, 000
10, 000 000, .100, 000 10, Q@0 I{Photo RHogr a 2
90% f?& mati qi’ﬂO/ ln - the t aﬂﬁb% ghngggl ues |J)§%\ Li ngﬁﬂj i cate
that a stniDdkV control shoul d be carji &4, 000 s01a8000 $@0c0@0Yy Kex@®00

Photolithography 2 75% 90% 50% 50%
In the table 4, the values underlined indicate that

a strict control should be carried out so as to severely keep
those values. Also, the value expressed in percentage (%)
indicates reliability of the data from which the allowable
values are derived. The maximum allowable concentration of
organic impurities is severely set as lppb for the pre—gate
oxidation before forming the gate oxide film and 2ppb for
the contact formation, respectively. Therefore, the severe
control of organic substances is required for these two
processes. However, it is not so severely set for the
salicidation and the DUV photolithography, namely 35ppb for
the former and 100ppb for the latter, respectively.
Therefore, no organic substance control is required for the
latter two processes.

Fig. 31 shows the results of humidity measurement
performed with regard to clean room A and B. In the clean
room A, the chemical filters 450 installed therein well
adsorb moisture contained in the air passing therethrough.
However, the quantity of moisture adsorbed by the chemical
filter is immediately supplemented from the humidity
regulating portion of the air conditioner unit 460 in
response to the signal from the humidity sensor 454 in the



t hose val ues. Al so, the value expressed in percentage (% i ndicates
reliability of the data fromwhich the all owabl e val ues are derived. The
_maxi num al | owabl e concentration of organic inpurities is severely set as

‘| ppb for the pre-gate oxidation before formng the gate oxide film and 2ppb
for the contact formation, respectively. Therefore, the severe control of
organi ¢ substances is required forbthese two processes. However, it is
not so severely set for the salicidation and the DUV photolithography,
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clean room A after replacing its all the conventional
chemical filters with those which are provided with
hydrophobic zeolite fixed to the honeycomb structure, the
relative humidity of the clean room B could be maintained
at the level as preset initially, and any inconvenience as
mentioned above was not caused.
Next, furthgr comparison study was made with respect
to the influence given by two particle filters, one being
formed of only materials which do not generate any gaseous
organic impurities and the other being formed of materials
generating gaseous organic impurities, of which each is
disposed downstream from the filter which provided with the
hydrophobic zeolite fixed to honeycomb structure. A test
piece (silicon wafer covered with silicon dioxide film) was
left in the clean room immediately after completely removing
organic substances from its surface by rinsing it. Then, the
contact angle of the test piece surface was measured
immediately after rinsing the test piece, and also measured
after exposing the test piece to the clean room air for 3
days, thereby determining increase in the contact angle
caused by this 3-day exposure. In case of the particle filter



clean room A after replacing its all the conventional chemcal filters with
t hose which are provided wth hydrophobic zeolite fixed to the honeyconb
structure, the relative humdity of the clean room B could be naintai ned at
‘the 1 evel as preset initially, and any inconveni ence as nentioned above was
not caused. Next, further conparison study was nade with respect to
the influence given by two particl é7filters, one being formed of only
materials which do not generate any gaseous organic inpurities and the
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chem cal fLELgf14%' "etivated charcoal, a chemical filter using
fibrous activated charcoal, a chemical filter using ion
exchange fiber, 3 of which are commercially available, and
a chemical filter according to the invention. Fig. 32 is a
graph showing the results obtained by these contact angle
measurements. The above chemical filter according to the
invention is formed in the following steps. At first, there
are prepared two kinds of suspensions. In the first
suspension, there are dispersed a mixture of hydrophobic
zeolite powder (size: 4 micrometer; effective pore
diameter: 8 angstroms; Si0,/Al1,0;: 40) as an adsorbent and
kaolinite powder (size: 3 micrometer) as the above-
mentioned inorganic substance i.e., as a binder, along with
silica sol as an inorganic adhesion assisting agent. In the
second suspension, there are dispersed activated clay
powder (size: 3 micrometer) as an inorganic substance which
absorbs gaseous organic impurities and of which the
effective pore diameter distributes in the range of 20 to
100 angstroms, along with silica sol as an inorganic
adhesion assisting agent. The above-mentioned porous
honeycomb structure is first immersed in the first
suspension and then dried, thereby forming the first



granular activated charcoal, a chemcal filter wusing fibrous activated
charcoal, a chemcal filter using ion exchange fiber, 3 of which are
comercially available, and a chemcal filter according to the invention.
~Fig. 32 is a graph showing the results obtained by these contact angle
measurenents. The above chemcal filter according to the invention is
formed in the following steps. At PBrst, there are prepared two Kinds
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ability g%alnst the organic surface contaminant was
expected very much, and the contact angle showed increase
of about 10° , eventually. The reason why these activated
charcoal filters fail to give full play to their ability
might exist in their constituent materials such as binder,
adhesion assisting agent, sealant, and so forth, which
possibly generate a considerable quantity of gaseous
organic impurities. Thus, their adsorption power might have
been much consumed for adsorbing such gaseous impurities
generated by themselves. On one hand, in case of leaving the
test piece in the clean room air filtered by the chemical
filter according to the invention, gaseous organic
impurities were not generated by themselves, so that no
increase in the contact angle was observed.

In the next, the protection efficiency of the filter
against the surface contaminants was evaluated by measuring
the quantity of organic contaminants deposited on the
silicon wafer surface. The evaluation was carried out as
follows. Two filters were prepared for this purpose, one
including the honeycomb structure, on the surface of which
the first adsorption (hydrophobic zeolite) layer and the



above-nentioned two kinds of activated charcoal filters, no favorable
result Was obtained despite that their protection ability against the
organi ¢ surface contam nant was expected very nuch, and the contact angle
% showed increase of about 10[err] , eventually. The reason why these
activated charcoal filters fail to give full play to their ability m ght
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These measurements were carried out by using gas

chromatography - mass spectrometry (GC~MS). The measurement

results for the protection efficiency [%] as mentioned later,

are- shown in Table 5.

Table 5
Gaseous Filter of Filter of Single
Impurity Invention Layer
DOP 99% 95%
Or more
DBP 99% 93%
or more
BHT 85% 40%
Ds 00% 43%

A silicon wafer employed for the above evaluation was
of p— type and its diameter was 4-inch. Measurement and
analysis of organic impurities deposited on the silicon



exposing it to the clean roomair having passed through the filter for the
predeterm ned period of tinme, and then the quantity of inpurities deposited
t hereon was neasured. These neasurenents were carried out by using gas

® chrdmat ography - nmass spectronetry (GC-MS). The neasurenent results for the
protection efficiency [ as nentioned |later, are shown in Table 5.
Table 5 Gaseous Folter of Filter of Single
| mpurity | nventi on Layer DOP

95% wafer wefergerformed by usidiP an elevated POMperature gas 93%
or nore

. BHT 85% . . 40% .
90% desorption dgyice and GR-MS Fg tprbimat ian, JhePFbretHeMbove
eval uati oaffasieficy- of yphkeahill t¢s afaimesttertheasuz{aoehc ovbasiraanent and

R R R T e
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orred "by "Usi n% an atur e gas wcf“e’sorption
devi ce and GC- MBhenprotbichavnoafiThéepentecl{ion /A enc0bf(®he filter
agai nst the surﬁn’;}?(la contam nants was determ ned by nmeans of gas

chr omat ogr aph as oFI OoWs. The protection efficiency = (1 - (B/A)) X
100 (% Whér Area of phe pprganic tdpniaminsing oeakadehentepeatk det ect ed
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gani ¢ cont am nant pea etect on the wafer surface aced
downst r eam fronBt hAren| e€rthe organic contaminant peak detecged on
the wafer surface placed downstream from the filter.

The filter used for the above measurements had a
structure similar to that which is shown in Fig. 6, so-called
honeycomb structure, more specifically, this structure
being formed by stacking a plurality of corrugated sheet and
thin flat sheet in a alternate fashion. The filter had a
depth of 10cm along the direction of the air flow. The air
passes through the filter at a face speed of 0.6m/sec, and
the total effective sheet area per unit volume capable of
acting on the air passing through the filter (i.e. effective
filtration area) was 3000m?®/m®. This honeycomb structure had
the first and second adsorption layers on its surface, The
first adsorption layer was formed by immersing the honeycomb
structure in the first suspension and drying it while the
second adsorption layer was formed by immersing the
honeycomb structure already having the first adsorption
layer in the second suspension and drying it. In this case,
the first suspension consisted of dispersoids which are the
mixture of hydrophobic zeolite powder (effective pore
diameter: 8 angstrom: size: 3 to 4 micrometer) and kaolinite
powder (size: 3 micrometer) as a binder, silica sol as an
inorganic adhesion assisting agent, while the above second
suspension consisted of dispersoids which are acid treate'd
montmorillonite (activated clay) powder (size: a few
micron) and silica sol as an inorganic adhesion assisting
agent. The first adsorption layer had a thickness of 100
micrometer and the weight ratio of its first adsorption



The filter used for the above nmeasurenments had a structure simlar to that
whi ch isshown in Fig. 6, so-called honeyconb structure, nore specifically,
this structure being formed by stacking a plurality of corrugated sheet and
‘thin flat sheet in a alternate fashion. The filter had a depth of 10cm
along the direction of the air flow The air passes through the filter at a
face speed of 0.6m sec, and the tot7dl effective sheet area per unit vol une
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of the honeycomb structure of this filter and the condition
of the air flow passing therethrough are very identical to
the shape of and the air flow condition to the filter of the
invention as shown in Table 5, except only one point that
the former has only the first adsorption layer but has
nothing corresponding to the second adsorption layer
{(activated clay). As will be apparent from Table 5, since
each of DOP and DBP has a molecular size smaller than 8
angstroms, both of them can be well adsorbed by means of
hydrophobic zeolite even though the binder (i.e. kaolinite)
hardly shows ability to physically adsorb them. However, in
case of BHT and siloxane (D;), since each of them has a
molecular size larger than 8 angstroms, hydrophobic zeolite
can not adsorb them. Consequently, provision of the second

adsorption layer is inevitably required for removing such
impurities.

Table 6 show the results of another comparison study
which was carried out by using filters of various types,
namely three filters according to the invention, a filter
of the invention having only zeolite adsorption layer, and
two filters having the first and second adsorption layers



| ayer. Kaolinite has an effective pore dianeter of nore than 1000
angstrons, so that it scarcely has ability of physical adsorption. On one
hand, activated clay has an effective pore dianeter distributing in the
‘range of 20 to 1000 angstrons, so that it is not inferior to activated
charcoal with respect to its physi 92 adsorption ability. The shape of the
honeyconb structure of this filter“and the condltlon of the air flow
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Gaseous Filter F|n§|p% er F?glrsf%er F?&Ir}%r oFi lmbere F%ﬁ erf | ?rg’t‘jrl tly
A A B C E

BHT 85% 30% 60% 85% 30% 60%

D 90% 35% 65% 90% 35% 65%

In Table 6, a filter A according to the invention
includes the first adsorption layer formed of hydrophobic
zeolite and the second adsorption layer formed of acid
treated montmorillonite (binder), the first adsorption
layer being firmly fixed to the honeycomb structure surface,
the second adsorption layer being additionally formed on the
first adsorption layer, and the air being made in contact
with the two layers in the order of the second adsorption
layer and the first adsorption layer. Afilter A’ isa filter
having an adsorption layer formed of only hydrophobic
zeolite firmly fixed to the honeycomb structure surface. A
filter B according to the invention has an adsorption layer
firmly fixed to the honeycomb structure surface, the
adsorption layer being formed of a mixture of hydrophobic
zeolite, acid treated montmorillonite (binder), and alumina
sol (inorganic adhesion assisting agent). A filter C
according to the invention is a filter having the second
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montmorillonite (binder) and hydrophobic zeolite plus
montmorillonite (binder), respectively.

Figs. 33 through 38 show various structures of
adsorption layers in the above-mentioned filters. Each of
figures includes a perspective view (a) and a sectional view
(b) of the adsorption layer which is partially cut, in the
shape of a cylinder, out of the adsorption layer as shown
in Fig. 9 or 15 in such a manner that the height of the
cylinder corresponds to the thickness of the adsorption
layer. In the figures, there is also shown the distribution
model of pore s and meso-pbres which contribute to
adsorption of impurities. Also, in each figure, the
supporter (e.g. honeycomb structure) is not shown. In the
filter A as shown in Fig. 33, there are formed the first
adsorption layer 551 made of hydrophobic zeolite having an
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(bi nder)

effective pore diameter of about 8 angstroms and the second

adsorption layer 552 made of acid treated montmorillonite
having an effective pore diameter of about 15 to 300
angstroms. The filter A’ as shown in Fig. 34 includes a
single adsorption layer 553 made of hydrophobic zeolite
having an effective pore diameter of about 8 angstroms. In
the filter B as shown in Fig. 35, there is formed a single
adsorption layer 554 in which hydrophobic zeolite having an
effective pore diameter of about 8 angstroms coexists with
acid treated montmorillonite having an effective pore



the first and second adsorption |ayers being forned of acid treated
montmori |l onite (binder) and hydrophobic zeolite, respectively. Afilter E
is formed by changing the adhesion order of the first and second adsorption
‘layers of the filter C onto the honeyconb structure surface, thus the first
and second adsorption |layers being formed of acid treated nontnorillonite
(bi nder) and hydrophoblc zeolite pl4s nontnorillonite (binder),
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aci d tre%%%% treated montmorillonite having an effective pore
diameter of about 15 to 300 angstroms and the second
adsorption layer 563 made of hydrophobic zeolite having an
effective pore diameter of about 8 angstroms and acid
treated montmorillonite having an effective pore diameter

of about 15 to 300 angstroas,

In the similar way as previously described,
efficiency of protection against surface contaminants was
evaluated with respect to the above-mentioned filters. As
will be seen from Table 6, all the filters A, B, and C
according to the invention are superior to the filter A’
(having a single adsorption layer made of hydrophobic
zeolite) with respect to adsorption of all the impurities
(DoP, DBP, BHT, siloxane (Dy)). Especially, they are
superior by far to the filter A’ in respect of adsorption
of BHT and siloxane (D;). When comparing filters A, B, and
C with each other in respect of adsorption of all the organic
impurities, they are lined up in the order of C, A and B.
The filter D shows an adsorption efficiency comparable with
the filter A’ with regard to all the impurities. The filter
E shows an adsorption efficiency equivalent to that of the



nmontnorillonite having an effective pore dianeter of about 15 to 300
angstrons, and the second adsorption |ayer 556 nade of acid treated
nontnorillonite having an effective pore dianeter of about 15 to 300

¢angstrons. On one hand, in the filter D as shown in Fig. 37, there are
formed the first adsorption |ayer 560 nmade of acid treated nontnorillonite
havi ng an effective pore dianeter 8% about 15 to 300 angstrons and the
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zeolite, depends op th . .
depposnetpon ’?he supporter surface and has a relatively high
density of the pore suitable for adsorbing large molecules
such as BHT and siloxane (Dg), thus being more effective for
large molecules. Accordingly, the most preferable formation
of a dual adsorption layer structure is to initially form
the adsorption layer (I) in contact with the surface of the
supporter and then, to form the adsorption layer (II) on the
above adsorption layer (I). Thus, it should be noted that
if this order is reversed, the adsorption efficiency as to
large molecules such as BHT and siloxane (D;) will be
apparently made worse.

Adsorption of gaseous organic impurities such as DOP
and DBP, of which the molecular size is smaller than the
effective pore diameter of zeolite, also depends very much
on the density of the pore and meso-pore, which are
distributed on the surface of the absorption layer directly
getting in contact with the object gaseous impurities and
contribute to physical adsorption thereof. Accordingly, in
this case, the first adsorption layer getting in contact
with the supporter produces no effect on the adsorption
effeciency. However, significance of the second adsorption




density of the pore of which the effective pore dianmeter is larger than

t hat of hydrophobic zeolite and is distributed on the surface of the
absorption layer directly getting in contact with an obj ect gaseous
*inmpurities. Next, let us consider which is to be first formed on the
surface of the supporter (e.g. honeyconb structure), an adsorption |ayer
(1) made of the adsorbent which cadbbe deposited on the supporter surface
and has a relatively |low density of the pore of which the effective pore
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pore s and meso—-pores become as large as possible.

Next, another filter according to the invention was
evaluated based on the contact angle change with the passage
of time through the 3-day exposure test as previously
described. In this case, the adsorption layer of this filter
was formed of hydrophilic zeolite according to the invention.
For 3-day exposure test, there was used the clean room
according to the invention (Fig. 16), in the ceiling portion
of which there were installed a plurality of clean fan units,
of which each includes a fan unit, a filter of the invention,
and a particle filter. A silicon wafer covered by a silicon
dioxide film formed thereon was used as a test piece. In the
test, the contact angle was first measured immediately after
rinsing the test piece, and also measured after exposing it
to the air of the clean room for 3 days, thereby determining
increase in the contact angle caused by this 3-day exposure.
This 3-day exposure cycle i.e. rinsing - contact angle
measurement - 3-day exposure - contact angle measurement,
was repeated every 15 days, thereby measuring the adsorption
ability change of the filter with the passage of time., The
flow rate of the air circulating in the clean room was set
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resultgrof measur enent obtai ned before each of filters is saturated with
adsor bed gaseous inpurities. The performance of the filter has to be
evaluated in terns of not only its adsorption efficiency but also the
*length of tine until it is conpletely saturated with the adsorbed gaseous
Impurities, in other words in terns_of its life time. Factors determ ning
the life time of the filter are th& total volume and area of pore s and
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piece under the condition that neither filter with

hydrophilic zeolite according to the invention nor

conventional chemical filter was installed in the clean room,

namely no special countermeasure was taken against gaseous

organic impurities contained in the air circulating in the

clean room.

Through the experiments by the inventors, it has been
statistically determined that a contact angle of 3° in
average is made between the surface of the test piece and
a pure water droplet dropped thereon when measuring it
immediately after rinsing the test piece. Then, in order to
evaluate the cleanliness of the air circulating in the clean
room, it is assumed that to keep a contact angle of less than
6° after the above 3-day exposure test is a requirement
necessary for preventing quality of products from being
deteriorated by gaseous organic impurities.

Fig. 39 is a graph showing results of contact angle
measurement, more specifically the contact angle change
with the passage of time after performing the 3-day exposure
tests every 15 days in the air cleaned by various filters:



air was introduced in the clean roomat a rate of 200n{err]/mn, which
corresponds to 4% of the total circulating air volunme. The entire vol une of
the cl ean roomwas 3120nferr] and the air circulation rate was set as 100
times per hour. For conparison study, after replacing the filter

i ncluding a hydrophilic zeolite adsorption |ayer by a conventional chem cal
filter of the felt type which is cd8posed of fibrous activated charcoal and
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(1) in thegaaduallgulwdnngdbRhpURED t hRa€! B eOORA P Qvicdedsed the
concentration of gaseous organic impurities contained in
the air passing through the adsorption layer. In other words,
the contact angle of the test piece exposed to the air
downstream from the filter for a preset period of time was
increased with increase of time the air passes through the
hydrophilic zeolite layer. However, it will be understood
from Fig. 39 that it takes about 3 months until the contact
angle of the test piece exposed to the air (1) increases up
to 6° , even if the 3-day exposure test is periodically
performed every 15 days. On one hand, in case of exposing
the test piece to the air (2) filtered by the conventional
chemical filter, the contact angle was increased up to 12°
even after the first 3-day exposure test. This might be
possibly caused by gas originated from polyester which is
used as a binder for supporting activated fibrous charcoal.
Accordingly, this gas flows out downstream from the chemical
filter without being filtered, and directly contaminates
the surface of the test piece located downstream from the
filter. In case of the conventional chemical filter, the
adsorption ability of the activated charcoal also went down
with increase of time the air flows therethrough. The




with air filters according to the invention, (2) the air circulating

t hrough the clean room provided with conventional chenmical filters, and (3)
-the air circulating through the clean roomincluding no special neans
*against gaseous organic inpurities. As will be understood fromFig. 39, the

test piece exposed to the air (3) increased its contact angle from 3[err]

(imrediately after rinsing) to 29[&¥r] - 33[err] after the first 3-day

exposure test. In case of exposing the test piece to the air (1) cleaned by
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_(I:_Eglrcoal ARQPEY PPARsPEEPed NESCRRE S%?fglstthﬂ‘eah?naitﬁefb?%nt kepgt hrough.
which is kept at a relative humidity of 50%, the filter will
adsorb a large amount of moisture until it is saturated
therewith. The moisture quantity which saturates activated
charcoal per unit weight, very much varies depending on the
relative humidity of the ambience, for instance 0.004cc/g
at 20% and 0. 114cc/g at 50%, respectively. Thus, the balance
0.11lcc/g is considerably large. On one hand, in case of
hydrophilic zeolite with an effective pore diameter of 10
angstroms, it is saturated with the comparatively large
quantity of moisture such as 0.262cc/g at 20%. However, this
value is not so largely varied, for instance it being
increased only by 0.02cc/g at 50%. Accordingly, as will be
understood from Fig. 40, if a fresh chemical filter (having
an adsorption layer formed of hydrophilic zeolite with an
effective pore diameter of 10 angstroms) is stored in a
compartment which is kept at the relative humidity of about
20%, is transferred to and installed in the clean room with
the relative humidity of 50%., the hydrophilic zeolite
adsorption layer will hardly adsorb moisture regardless of
the moisture control which is performed upstream from the
filter. Consequently, there will not be caused such
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contact angle of the test piece exposed to the air filtered with the
conventional chemcal filter was increased up to 20[err] when 6 nonths
passed away. There will now be expl ai ned about npi sture adsorption
characteristic of hydrophilic zeolite. Fig. 40 shows a noisture adsorption
I sothermwhich is derived fromthe data as nmeasured at an anbi ent
tenperature of 25[err] with respecd to hydrophilic zeolite having an
effective pore dianeter of 10 angstrons and activated charcoal nade of
coal . Actincewmdernhancealthad &3 Ineladtiveathadidiity wwingrode ofi tthea snal |
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which is kept  at  .a ri atlve m.dity of 50% the filter wll adsorb a | arge
anmount ofchﬁpéPé;e dhtersi th P§eé§turated therewith. The noisture quantity
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Fig. 40, ﬁﬁqg ?é§%11&2§§ gdquﬁgé %d@#ﬂ% an%ﬁé F#O%R$%§£$f¥orned of
hydr ophi | to meemutbevwemmewatﬁquand/ upodetdle&mnha-cdﬁenm angkeamns) is
stored i ”r%o?noﬁﬂé”dﬂft(’)}{ x‘“’%‘;?hthéh%?l&’tpfékﬁ?t%'}?\Inlf’ﬁﬂ% di{yep§ about

20% is transfgé installed gean roomwith the relative
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adsorb le@%U&Qaha@aféfe@ﬁpéméne dfgiest Ui ecGREt 40¢ e MitHR b?dpﬁéfw nmed
upstrean1fron1the filt Cbnse enLI there, wll . not caused
such rking space I's air- co 1tlgéed not with such a very lov
relative humidity, but usually with the relative humidity
of several tens percents. Consequently, different from the
activated charcoal filter, there is no need for the filter
provided with the hydrophilic zeolite adsorption layer to
be humidified and air-tightly packed before shipping
thereof.

In the next,: the humidity control in the clean room
provided with the filter including an adsorption layer
formed of hydrophilic zeolite according to the invention was
compared with that in the conventional clean room provided
with conventional chemical filter. One humidity sensor is
arranged in the outdoor air intake circuit provided
downstream from the air conditioner unit which removes
airborne dust particles and regulates the temperature and
humidity of the clean room, and the filter for filtering the
outdoor air. The water supply valve of the humidity
regulator in the unit type air conditioner is regulated
based on a signal from the humidity sensor. Other humidity
sensors are arranged one each in both of the above clean
rooms for comparing the humidity control in both clean rooms



I nconveni ence that the relative humdity control of the clean roomis

di sturbed (|l owered) by the excess npisture adsorption by the chem cal
filter, especially at the initial stage of clean roomoperation after
“installation of fresh chenmical filters therein. Accordingly, there is
no need to performsuch a very conplex work as previously described in
connection with the conventional cB&nical filter using activated charcoal,
for instance surveying the relative hum dity and tenperature of client' s
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Therefore, in the clean room provided with conventional
chemical filters, a drop in the production yield took place
for about 2 weeks. In contrast, in case of the clean room
provided with the filters according to the invention, the
relative humidity could be maintained at a preset value, so
that there was caused no drop in the production yield.

Next, a filter 311 (Fig. 18) was actually manufactured
according to the invention. The first filter portion 311la
was formed by firmly fixing synthetic zeolite with an
effective pore diameter of 8 angstroms to the honeycomb
structure surface. The second filter portion 311b was formed
by firmly fixing montmorillonite (activated clay) powder of
several microns to the honeycomb structure surface.
Physical properties of montmorillonite is already described
in the above.

DOP arnd DBP are the majority of organic contaminants
which are detected on the surface of a substrate (e.g. Si
wafer, glass) when it is exposed to the air circulating in
the clean room, They are included in large quantity in raw
materials such as polyvinyl chloride, and of which the
molecular size is in the range of 6 to 8 angstroms.



wi th each other. The outdoor air was introduced at a rate of 200nferr]/mn

to the air which is circulated in the clean roomat a rate of

;2000 err]/mn. In case of the clean room provided with the conventional

chemical filter (activated charcoal), since activated charcoal well adsorbs

noi sture contained in the air passing through the filters, the relative

humi dity of the clean roomis mai ndZined at a | evel of about 45% | ower by

5% than a preset value of 50%for about 2 weeks after starting operation of
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structure of them. The filter assembled like the above had

a depth of 10cm along the direction of the air flow. The air

was supplied to pass through the filter at a face velocity

of 0.6m/sec, and the total effective sheet area per unit

volume acting on the air passing through the filter (i.e.

effective filtration area) was 3000m®/m’.

The horeycomb structure for the first filter portion
311a was formed by immersing the above-mentioned porous
honeycomb structure in a suspension and then drying it, the
suspension including dispersoids, which are synthetic
zeolite powder having an effective pore diameter of 8
angstroms ard a grain size of 3 micrometer, and a mixture
of kaolin mineral (kaolinite) powder having a grain size of
3 micrometer and silica sol as an inorganic binder. However,
talc, bentonite, sodium silicate, silica, or alumina and so
on, may be used as an inorganic binder other than the above
mixture as the binder. The honeycomb structure for the
second filter portion 31lb was formed by immersing the
above-mentioned porous honeycomb structure in a suspension
and then drying it, the suspension including dispersoids,
which are activated clay having an effective pore diameter



Accordingly, if synthetic zeolite with an effective pore dianeter of 7
angstrons or nore is selected as an adsorbent, the first filter portion
+31l1la may renove the majority of gaseous organic inpurities as the substrate
“surface contamnants. However, BHT and siloxane (D{err]) of which the

nol ecul ar size is larger than 8 angstrons are detected to sone extent from
the surface of the substrate which83s exposed to the air circulating in the
cl ean room so that these can not be renoved by the first filter portion
31la. Condegtichbuyinghraenhnvin ttdlebeaneermﬁed()atoIléli‘sanbytmmasamd t he
second fi A 1 and
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| i ke the above of 10¢cm along the direction of the air flow The

air was s&EBFPé‘é 95363§§ tlﬂ‘ipblﬁdﬁlfﬁe filter at a face velocity of 0.6n sec,

and the total elfiechbvéisbeefidtea pertioht 3‘1’Qh}1”§3h@0’éhﬂ§lk19é‘s§|"@fa'r
passi ng thﬁ)#gh t.he ive flltfeatlon
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di anet er mhe8tlang1smessmfamcltavgtadrc]sayzéawéravzm t0 anietreme tazrd andni xt ure of
kaolin m nEk al«e(;lé?x‘%l Ua'm&f%)sﬁ%% ofh Yll ng’g%eg%glﬁg aBgﬁ{’g&F? mgrometer and

silica sol as an Bdi um
silicate, sdiliiicea™ 307r% allﬁ% nénah@tls@foﬁllhay feg tived 351 amnidndt Yani ¢ bi nder

other thanhknge AERY Mokl v €1 A8 A0 1§e£boJ@‘25*0§”§’#%’%hsiit'8{~“re for the

second filter portlon fornme I mrersin ove- nenti oned
por ous hoﬁéyébﬁb §ﬁﬁﬁcﬁﬂﬂéeﬁnD@r§G§@e§§|@m dhe weaghdrgreyried bne

suspensi Ofinb'i*@a‘ﬂqlc”ﬂagbﬁ’ﬂqodﬁb% 1Whaku 80 gasét \ealcddl etay (aybie an
effective di,anet er,
3% of the entire filter weight), while in the second filter
portion, the same is about 9g per each liter (about 3. 6% of
the entire filer weight). The quantity of activated clay
used for the second filter portion 311b was made smaller
comparing with that of synthetic zeolite used for the first
filter portion 31la, the former being about 1/10 of the
latter. This 1is because adsorption and desorption of
moisture by synthetic zeolite are less influenced by the
change of the relative humidity, so that the relative
humidity control of the clean room is less influenced
comparing with the case of using activated charcoal as an
adsorbent. However, an 1inorganic adsorbent such as
activated c¢lay is hydrophilic in itself, and shows
adsorption and desorption of moisture comparable with
activated charcoal, so that it is preferable and necessary
to lessen tha quantity of activated clay within an allowable
range, Furthermore, as previously mentioned, DOP and DBP are
the majority of organic impurities which are detected on the
surface of a substrate exposed to the air circulating in the
clean room. These impurities can be removed by the first
filter portion 311a having a synthetic zeolite layer. On one




‘83 distributing mainly in the range of 20 to 100 angstrons and a grain
size of 3 mcrometer, and silica sol as an inorganic binder. Activated clay
.has physical adsorption ability conparable with that of activated charcoal
"with respect to gaseous organic inpurities. In the first filter
portion 31la, the thickness of synthetic zeolite layer was 100 microneter,
and the wei ght conposition of the $4me was: synthetic zeolite : kaolinite
silica =70%: 25%: 5% In the second filter portion 311b, the thickness
of acti vathadds| 39*1'11 agdrsikexanen{lyombieh, camde hetweemined drypobeti on of
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311a havi nghgfsﬁr{tereitill% azn%Oflils u% grwor?lng space 597 with the clean
room air as filtered ultimately. Under this condition,
adsorption ability of the filter 311 was further evaluated
by using this storage compartment 591, more specifically the
3- day exposure test as previously described was again
carried out in the working space 597, thereby evaluating the
adsorption ability of the 311 based on the change of contact
angle with the passage of time. A silicon wafer substrate
592 covered with a silicon dioxide film was again employed
as a test piece for this 3-day exposure test. In the same
manner as previously mentioned, the test piece was first
rinsed and dried, and immediately exposed to the clean air
of the working space 597 for 3 days, and then, the contact
angle was measured. This 3-day exposure was repeated every

15 days i.e. rinsing - 3-day exposure - contact angle
measurement — rinsing - 3-day exposure - contact angle
measurement - ...., as mentioned before. The storage

compartment 591 was constructed with materials which
generate no gaseous organic impurities. Consequently, there
is no possibility that the inside of the compartment 591,
especially the working space 597 acts as a gaseous organic



84 hand, BHT and sil oxane (D[err]) which can be not renoved by the first
filter portion 31la but renoved by the second filter portion 311b, have a
consi,derably smaller concentration in the air than DOP and DBP, and their
quantity as detected on the substrate surface is smaller than DOP and DBP.
Accordingly, the quantity of activated clay used for the second filter
portion 311lb can be nuch | ess than &hat of synthetic zeolite used for the
first filter portion 31lla. Fig. 41 is a perspective view of a storage
conpart mrent2B@I1EHn8PRBEEed or installed in a clean room 590, on the
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rate of air circulation was set as 100 times per hour.

For comparison study, the above 3-day exposure test
was also performed with regard to the case where the filter
311 is constituted only with the first filter portion 311a.
Still further, the above 3-day exposure test was carried out
with respect to the case where no filter 311 is installed
on the storage compartment. This means that gaseous organic
impurities may enter in the storage compartment without any
removal thereof.

Through the experiments by the inventors, it has been
statistically determined that a contact angle of 3° in
average is made between the surface of the test piece and
a pure water droplet dropped thereon when measuring it
immediately after rinsing the test piece. Then, in order to
evaluate the cleanliness of the air circulating in the
storage compartment it is assumed that keeping a contact
angle of less than 6° after the above 3-day exposure test
is a requirement necessary for preventing quality of
products in the storage compartment from being deteriorated
by gaseous organic impurity contamination.



85 inpurity source. The air inside the working space 597 was fl owed
according to arrows shown in Fig. 41, nanely flow ngthrough grated panels
601, , an under-fl oor portion 602, areturnpath 603, and then back to the
‘ceiling portion 604. In the storage conpartnent the air was circulated at a
rate of 20nferr]/mn. In order to formnecessary adsorption |ayers for
filtering this circulating air, syfBbhetic zeolite of 2kg was used for the
first filter portion 311la of the filter 311 while activated clay of 0. 2kg
was used for th&igecd’disi Bt eraphrshonisa ite vfl tshofsavntatiieagebatity of
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passage of time, however, the adsorption ability of the
filter 311 went down gradually, so that there was increased
the concentration of gaseous organic impurities contained
in the air passing through the filter. In other words, the
contact angle of the test piece exposed to the filtered air
for a preset period of time, was increased with the passage
of time the air passes through the filer 311, However, it
will be understood from Fig. 42 that it took about 8 months
until the contact angle of the test piece exposed to the air
filtered by (A) increased up to 6° , even when the 3~-day
exposure test was repeated every 15 days. On one hand, when
the test piece was exposed to the air filtered by (B), the
contact angle exceeds 5° even in the first 3-day exposure
test, and only 2 months was needed for the contact angle to
become 6° .

In order to clarify this cause in detail, another
comparison study was made as follows. That is, the
prevention effect against surface contaminants caused by 4
kinds of gaseous organic impurities, DOP, DBP, BHT, D
(decamethyl cyclopenta siloxane) was examined by using
another storage compartment 591’ as shown in Fig. 43. More



86 Fig. 42 is a graph showing results of contact angle measurenent.
nore specifically the contact angle change with the passage of tine after
the 3-day exposure test repeated every 15 days in the air of the working
space 597, which is filtered by: (A) the filter 311 forned of the first and
second filter portions 31l1la and 311b according to the invention, (B) the
filter fornmed of only the filter pd7tion 311a, and (© no special means

t aken agai nst gaseous organic inmpurities. As will be understood from
the Fig. 4beaifdaakly.pi t¥e sasesewarne ttenparedivithedabk ECheirncreased

t t f ft
the T1rst L Shsodied cBFE Fh WLch ANCELLLRE O, (cBgblugtdin®o e

air filterdd Hyrgtaand e can £dd t&ﬁgpérﬁ/égnk‘e%l1$ov%1r1‘t)hz§r$0@rdﬂﬂér the
first 3-dayo @hROSHVEnEEDh. wa\étihétmelmaagtsh@fldﬂarﬁ% opewﬂgrsgé e

adsorption .abiljty of the fil nt dovvn gradual that there was
i ncreased e M3 i o ée% éé‘r]ﬁumﬁér §4APRd |%iﬁ|’t’} é’é’“ccg!npé ded in the
?I rtpaSSI Ngh d hfpﬂghtfh%aﬁérl b@ﬁ‘tlbﬂ etm@][ waRr da,strah?eeoaha%ea@?h% of the

est piece, exposed taq i,r. for a, preset, period of tipge, was

i ncreased Wt aﬂcq H@eﬂé%ggaof tt?ﬁr@“?ﬂé"’af‘l’ BQ hg&}ﬁ’h lo® pather 311
|—|owe?/erh iitn whlels’o@ralgélefcﬂrmmh nfe"rIHTBMQ (Pt b3) dwats Hi)ﬁi(eﬁb@ﬂ}fr[%mmnéhz
until the tact .an e test posed t air filtered by
(A |ncreatg}b% }%[S eeF\Péan @r‘i"nt hé%:ysl ggﬁzgexgpts'u ¢ &r \ids repeat ed
every 15 w@nkmmg baade wBé&n mhé"1tgest43p|fdmemahmomg$e¢ﬁaa1hlge air

(e bty 606 USRI IR A0 i Tt e e

exposure te fit A3 *Was ¢ to become
6[err] openms)r&ﬂé} atlcsmcg arirfoy st Assskewmse Im oddmai wordsot Her aao‘rrparl son

study wasf]@pgthigs SH4PW- Flé-haltS 1&Sequltv*&elei?lrte’c’@rtt}ﬂeoé‘a?éfﬁxcetreaga' nst
surface contani nants caused equs Qrganic Irnpurities, DOP
DBP, BHT, %teercr’]r‘{ HeaahrA iﬁﬁtqbig’i%yﬁeﬁflal?ég e C\(ilﬁ§e xhifri BARE 189 usi ng
anot her st#¢ ageaddematheesir SHl'flaw shoywe idirkicdiofdwit®é€t making

any circulation. Concentration of impurities as used for the

test is several tens ppb for DOP and DBP, and several ppb

for BHT and D,, respectively.

In the test, the test piece was exposed, immediately

after being rinsed, to the air in the clean room 590 and to

the air of the storage compartment 591’ for 4 hours each,

and the prevention effect against the surface contamination

was evaluated from the quantity of contaminants DOP, DBP,

BHT, D; detected on the test piece surface, of which the

results are shown in Table 7.

Table 7
lst :
Gaseous ndfl}ter 1°* filter only
Impurity +2™ filter
DOP 99% or more 99% or more
Protection DBP 95% - 95%
Efficiency BHT 90% 35%
Dy 90% 40%

A 4-inch diameter silicon wafer of p—-type was used for



87 specifically, two cases were conpared with each other, nanely the first
case in which the filter 311 (conbination of first and second filter
Jortjons 31la, 311b) according to the invention was installed on the intake
opem ng 596 of the clean roomair 599, and the second case in which only
the first filter portion 311la was installed on the sane intake opening 596.
It should be noted that the air fl88v path in the storage conpartnent 591
(Fig. 43) was different fromthat in the storage conpartnent 591 (Fig. 41).
The air i nhehebmoekéﬂgleaamenSQMeamfé@enﬂ&ﬂd awad yshisoofhoxgaiicg panel s

arrows as uRoianeRs BERLS PRl RS Il N aRXRRVerBERRmRH by 0 i s
equi val enusiogt i@ cdsw adread et @ hipe 13 Yund asaS)ndqmlmBﬂmWrde\md-'e gand41 i s
cl osed i ngpayls s a@oéﬁ’nﬁ’é{%‘hth?h@' rio®elcltd¥n! 21F1% 1@hEGCIJONHY T hout

maki ng an% circulation ncentr at |o npurities as u for he test is
several té&hdtgFhargdnsop thed srggrﬁaC&n@ogé\aanaanppblsOdeMmarmjd

respectivgbk¥ns of gasn chf}%mtaec%tg’ratpme tse?roll?b%e was exposed, mmadi ately
after being rins to air |nthecean room5 air of the

0
st orage conpart ﬁt DSQIecﬁ?éPMeﬁé@lﬁéeé%h Ahd-t ﬁ%?b)r)avlénm(b fect
agai nst the surWﬁngcont amination was eval uated from the quantity of
cont am nant s P, BHT, et ected on the test piece surface, of which
the results are sh fAki AT§ALP e organicrggntapinant detected on Gaseous

1[err] fikher wafer skrdalde f;il'athrd aml the clean room_an', éﬁTH’U“ ty
+2[err] filter B K £ nQE 9% or nore
Protection pePeak area o t)ggo/grganlc contamg@% Pﬁ?&téﬁc‘}/ BHT

90% the wafer3sUrface placed il ahe] storage cBlfmrtment air, 40%
A 4-inch diamet gy Gihhcpl yeSefe ! A dwRAMRS71USEHo '6¥ DOP and DBP
among 4 kinds of gaseous organic impurities have a molecular
size of less than 8 angstroms, so that they are almost
removed by the first filter portion 311a, which includes a
layer formec¢ of synthetic zeolite having an effective pore
diameter of 8 angstroms. However, both of BHT and D; have
a molecular size of more than 8 angstroms, so that they can
not be removed by the first filter portion 31la, but can be
removed by the second filter portion 311b, which includes
a layer formed of activated clay of which the effective pore
diameter is mainly distributed in the range of 20 to 1000
angstroms. Accordingly, as will be apparent from Table 7,
in order to achieve more reliable protection of substrate
surface against organic impurities contained in the clean
room air, it is inevitably required to provide, upstream or
downstream from the first filter portion 31la, sucha filter
as the second filter portion 311b which includes an
adsorbent layer capable of adsorbing gaseous organic
impurities and is formed of an inorganic material of which
the effective pore diameter is larger than that of synthetic
zeolite. Single use of the first filter portion 311a can not
make it possible to realize the reliable substrate surface
protection, because synthetic zeolite fails to adsorb
molecules of which the size is larger than the effective pore



88 the above eval uation. Measurenent and anal ysis of organi c substances
deposited on the silicon wafer were perforned by using an el evated
tenperature gas desorption device and GC-MsS in conbination. The protection
efficiency of the filter against the surface contam nants is determ ned by
means of gas chromat ograph as foll ows. The protection efficiency = (1
- (B/A) x 100 (% Wer e 89 A. Peak area of the organic

contam nant detected on the wafer surface placed in the clean roomair, and
B: Peak adeanmeft etrhe forsyartihe tdentzawiliaet detected on the wafer surface

pl aced in the storage.,gonpartnent air from Tabl e
7, two of DOP amg D%[S@,?E’ﬁ&%ﬁﬁ rﬁjsr%q‘sodhsvé}b‘ﬁslBrJg%nPEef?rg%aiﬁl % have a
mol ecul ar sgilee tothydewphabde &yatdettienzeodd tehhavihgyanr effbabster enoved by

the first Jfilat t i.C | a layer formed of synthetic
zeolite hgvljr?g%an%eb;tf elgtrlav ort\(gﬁ amgtgsl{qﬁig angstronms. However, both of

BHT and Dierr] Aaezea hﬂBechﬂ%ﬂ siemrafberdoremh%arsaémgsttromanso that they
can not b ;bm%%sbxamqnfg %ﬁﬁs&zh"cﬁrsﬁ’i’ 48 8% otlvkthi i 12 DEpE eMDVed Dy

t he secon I1ter portiaqn |nc udes ayer forme o actlvated
clay of whilemRy H'@Oé‘ff&‘tll @eapéﬂélﬂpanﬁﬁﬁrl}ssrﬁnrﬁ dyiist thBue deann t he

range of 2QdmQ Q04 can0Sls @%erm?ranﬁwlv@slwdse% 3RRR’ €L { §r0m Tabl e

7, in order to achi eve nore gﬁ |a)w€‘§1 rotecthon of sybstrate_surface

agai nst oM@di® €T E{ﬁ§§l REEUrBonY A 36f tife tBPedhl v ddHSaiar silicon

i nevi t abl wlroaqmé ¢d nnowmglrpheuumsw F3Fmed SRSt AgaiNAd syt het§i rst

filter portiaq tl%"r?t"UCh f||§11 ge second filter %értlﬁn 311b which

i ncl udes AMTFEST meS, by drep Bllécof 8%or bt nk§ 0¥ PStgBhRES| npuri ti es
and is forsnﬂd;uﬁataﬂ ha‘tﬁ‘fbﬁhl Tn nelheréehéanf robmchrt bkeeliket skewposie di aneter

por t 1 o 3T RATITAS nabifte SecBusEPaby Bs, €lefs A HE B DBraebthr e

surface prsotbeaitalmﬁs cb@aauged tyritheeait@ospberee \fha;ldhs coataddosbesol ecul es

of which Ul $jy7h dph: I FIFuLHYE LFCaCli SELON WPOLL covered with a
Si0, film or glass substrate, can have a hydrophilic group
capable of readily making a bond with the hydrophilic
surface. Actually, the above-mentioned organic substances
causing the surface contamination are hydrophobic polymers,
of which each has a high boiling point and includes such a
chemical structure as the double bond or benzene ring of
carbon and a hydrophobic group, too. At the same time, these
polymers may also include a hydrophilic group causing the
hydrophilic surface to be contaminated. However, once the
clean hydrophilic surface of the silicon wafer or glass
substrate has been contaminated with these organic
substances, the contaminated hydrophilic surface portionis
converted into a hydrophobic surface portion. Since the
converted hydrophobic surface easily makes a bond with the
hydrophobic group of the above hydrophobic organic
substance, the surface contamination by organic substances
rapidly proceeds and comes to form a multiple hydrophobic
molecular layer, eventually.

As described in the above, the organic substances (a

polymer with a high boiling point) causing the surface
contamination, include a hydrophobic group, so that it is



89 dianmeter of synthetic zeolite. The followng is a reason why it
Is preferable to select hydrophobic synthetic zeolite having an effective
pore,diameter |arger than 7 angstrons. There has been described so
far about organic substances causing substrate surface contam nation in the
clean room Wile a silicon wafer is handled in the clean room silicon is
generally so active in itself that 90t is nore or |ess naturally oxidized in
the air, thus a silicon dioxide filmbeing naturally forned on it. As a

result, itgrefgfsirke begos@bebydipdhéphebi AN Béglite ids KO W sloidlend! ass
substrat e ,handl ed iP the gll ean roqm.or, .t

_ ..the like . shows.a, hydrophilic nature
because s 9% Fasati Ats davineqs ﬁin&tgugsc’trar?cgby%cﬂﬂhé’lbﬁéd girlro‘?“'l’he
at nospher fowdw eh, cothasienatergarie hysubptaddes suslace dhchudel i @on waf er
covered w | OP: f i gl as bstr C Ve I i_lic group
capabl e of&%ﬁ"ﬂ%ﬁ%k#ﬁ%‘?g’ b%)?\ld?{/l\né?hff h@{@}%r%‘gm Y S &M Tt © 0] V.
t he above-aehetbhen bpgampd oyubsdaerdd 1dgugiend ittiee asurainacd sombearti nat i on
are hydro | h 2@ Lel: i ki | nty ,and
i ncl udes g‘ﬂ% égsgﬁée%%ﬁs hgtgrlgg?g?glggeghﬁgﬁgﬁgg%ﬁgn(R)Fn%reér}sz)de'nelnri ng of
car bon andc@styadr 85h56i kY drepbob i o@eod tithel $ s & adeorbhaod spainemer s may
al so inclu 8 [ Y o (o] | LAphh ki to be
cont am natgﬁ.%ﬁ\i??hgﬁgéﬂghggc%ﬁﬁﬂ%ﬁ ggﬁt}l)éi%gqsg??a@eﬁtﬂﬁ t qg csi l'i con
waf er or gF@eklkebhsCossemes tiden ROTRESH AATBETWE & h of hdurd romiwbiie

SUbStanceszeétl?téoahﬁl”béab_&daﬁi’%@@@bl?}Cu§é'6fﬁ@? POE$1 P sgba@ierbwted into
a hydrophobi c surface portion. ,S*lnce e C nv§rted hydr op I c surface

t
easi |y mak@SEaNbendBRRTALiRE RyGREPRoLAEEG HupOBIng hit S TRtd%bhobi ¢
organi ¢ supspasiey fhe adisbage ngoniodrstiate, OITHAt e@od@Ni G heullStfanees rapi dly

pr cceeds, RJasSHRSLLE LeAT) B b 4 kB BB SeTRATF B (o

pol ymer wiié albnghtbdi biynd ayoicunparaing ngp tdet swa ff ed ec leartomwti reaid on,

include a W&'{?S’BL‘?PES PLEPre %itcmahaivte Lssimilar porous structure.
On one hand, activated charcoal and hydrophilic zeolite are
apt to largely spend the adsorption capacity of their porous
structure for adsorbing moisture in the air, and only the
remaining adsorption capacity is used for adsorbing organic
substances. As a result, their life as an adsorbent of
organic substances naturally becomes shorter than that of
hydrophobic zeolite by the capacity spent for moisture
adsorption.

The mcisture adsorption characteristic of synthetic
zeolite will now be discussed returning to Fig. 27, in which
there is shown a moisture adsorption isothermof hydrophilic
synthetic zz2olite with an effective pore diameter of 10
angstroms, measured at an ambient temperature of 25TC.
Hydrophilic synthetic zeolite with an effective pore
diameter of 10 angstroms shows a considerable large
saturated moisture adsorption quantity of 0.262cc/g at the
relative humidity of 20% However, this quantity is
increased only by 0.02cc/g even if the relative humidity
rises from 20% to 50%. This corresponds to only 27% of the
increase quantity in the case of activated charcoal. As will
be understood from Fig. 27, even tpough a fresh filter of



90 preferable to select hydrophoblc zeolite as an adsorbent because of its
having affinity for a hydrophobic group. However, these organic
substances also include a hydrophilic group, so that it mght be the
“second better selection to enploy hydrophilic zeolite as an adsorbent
because of its having affinity for_a hydrophilic group. In case of using
hydr ophobi c zeolite, it |ess adsorBY noisture in the air conparing to
activated, char,coal and hydrophilic zeolite. Consequently, porous structure
of hydr opﬁgﬁl dnyentian ¢ Plcggdhﬂﬁaﬁt a?j’éﬁﬁ%qt}"us@jﬂﬂ&re AT HPlyaseous

o(rjgambc | PRyt b o Ell_{lwt?é@ﬁgﬁltﬁrbﬂshﬂg tgﬂeﬁ a@‘(}SQlethﬂ o p@p@ﬁw for

adsorb nig ure er ef.ore e obi s an
adsorbent Sﬂégn?é nohe a0 élso{'u %@%Vfgp s Yﬂ‘;ltf activated
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one hand, i yat C oal, an ro C o largely
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noi sture layelmewdild, handlgnagsohe tleermiod sumdwbiphi 68 coweeslyed s used for
adsor bi ng C S t he i f.e,as_an adsorbent of

or gani c sﬂgggg:%@@s?ﬁ%'ﬁ}%;él f?lbéio §%§#J8Fteeré]]tﬁéer{et%afr8’f‘ r‘?fd?%%‘hobl c
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returning. here ovvn a
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Hydrophilic synt te wth a i've pore anet’er
angstroms°§h6%§t& é@ﬁemertélmréq arge saturated noi sture adsorption quantity

of 0. 262cc/g anstmesrﬂ@ﬁld@scm@lstoyfaef tR@%nvéfbmmehas boés quantity
IS increa ed only 0. 2cc/ eln if the re4 ative hum d g rises from20%
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of acti vahedacmabbahzebds aMﬂzllm;umderas:t 006nf ¥ 7 @re2genevehl § hough a

fresh fIItused in the manufacturing process of LSI’s and LCD’s.
However, the invention should not be limited to various
examples as mentioned above. The invention is applicable to
a local clean room which is called "mini-environment,’ clean
benches, clean chambers, clean conveyers for transporting
clean products, and other air cleaning items in various
scales. Also, the invention may be modified in compliance
with various operational and environmental conditions such
as an air volume to be filtered, a ratio of the intake volume
of the outdoor air to the air volume circulating in the clean
room, existence of a gaseous organic impurity source inside
the clean room, etc. Needless to say, there is no need for
the object gas to be limited only to the air. Inert gases
such as nitrogen, argon, etc. may be purified by the filter
of the invention, thereby producing inert gases most
suitable for production of LSI's and LCD’s.

For instance, it is now expected that the manufacture
of DRAM' s of 256-megabit and/or l-gigabit would start in
1999, using a gigantic silicon wafer witha diameter of 300un.
In case of the apparatus used for manufacturing such a
sophisticated semiconductor device, after introducing and



91 the invention including a synthetic zeolite adsorption |ayer which has
been stored in the air with a relative humdity of nore than 20% is
transferred to and installed in a clean roomof which the air is controlled
§0 as to be kept at a relative humdity of 50% the synthetic zeolite |ayer
wi Il hardly adsorb the noisture which is controlled upstreamfromthe
filter. Therefore, different fronth®2case of the conventional chem cal
filter, there is no possibility that the fresh filter installed in the
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gaseous organlc contaminants which might be generated by the

valve, thereby contributing to the prevention of the surface
contamination and to enhancement of product quality as well.
Possible Application of Invention in Industries

According to the invention, in case of protecting the
substrate surface treated in the clean room from being
contaminated with gaseous organic substances in the air,
since there can be removed both of gaseous organic
impurities such as DOP and DBP having a molecular size of
less than 8 angstroms and gaseous organic impurities such
as BHT and siloxane having a molecular size of more than 8
angstroms. Accordingly:

A. The invention make it pos31b1e to produce the clean
air which is suitable for manufacture of semiconductor
devices and LCD’ s, and from which there is removed gaseous
organic substances causing the substrate surface
contamination.

B. In the manufacture of semiconductor devices and
LCD’ s, the above clean air is used for constituting the
ambience of the clean room in which the substrate surface
is handled veing exposed thereto, so that the substrate



92 setting the silicon wafer in a chem cal reaction chanber of the
apparatus, an inert gas such as highly purified nitrogen or argon is
ladgquately supplied to the chemcal reaction chamber froman inert gas
Source so as to fill it up therewith, before initiating predeteriined

vari ous chem cal reactions with the s|I|con waf er inside the apparatus. The
inert gas itself is so highly purif93d that there is no possibility that it
contam nates the surface of the silicon wafer. In order to control supply
of the inesurfmse hsmpvetecaedafremibebnmvtdmﬁbﬁmﬁm@ah t he chenica

reacti on chanmbergy and th nert._ ga Qurce, refor there is the
possi Ib| lity thatF"?If'nél 'e'm%%%’{fdﬁr%o %ggbpggn Ié’as’é% 1%"1" g‘zfm 1:
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chanber nove Vari ous gaseous organic am na i'ch m ght
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t

and DBP having a- }b%&l“dﬁﬁ’@lli’é‘ BFOP'éé@Stﬁ X et nsng @1 gadKbus

organic inpnlflﬁmabwcbomstBt—Ereﬂﬂ@I ﬂﬁ@%@f@rélawh%gcaeﬁﬁ|ﬁﬁblrhaﬁhfd}ie of nore
than 8 angstrons Acc
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In the nanu?acture conduct or S t he above cl ean
air is used for BonBurthermgrehethanbheastion cae prewide oonfilteshich the

substrate gH{fRCEs IS 6F RELEYIEXROFRI chNAedt Sfeddiditd Nmysubstrate
gaseous organic substances causing the substrate surface
contamination., Therefore, the <clean room which is
constructed with this filter, is superior to that which is
constructed with conventional activate charcoal filter,
from the standpoint of perfectness in prevention of
substrate surface contamination.

C. Still further, the invention can provide a filter

which hardly adsorbs moisture in the air and maintains its
ability to adsorb gaseous organic impurities for a long
period of time, comparing the conventional activated
charcoal filter.
Therefore, the clean room which is constructed with this
filter, is superior to that which is constructed with
conventiona. activate charcoal filter, from the standpoint
of easiness in humidity control of the clean room and also
from the standpoint of elongated life time thereof.

Use of synthetic zeolite as an adsorbent makes the
filter very much safe from the standpoint of fire prevention,
comparing to activated charcoal which is classified in an
inflammable material group according to the fire laws. If
the filter is formed so as to include a honeycomb structure



- 93 surface is protected from bei ng contam nat ed. Furt her nore,
according to the invention, zeolite is enployed as an adsorbent for
~adsq@rbing gaseous organic inpurities having a nol ecul ar size of |less than 8
angstrons, and properly selected various inorganic substances are enpl oyed
solely or in conbination as an adsorbent for adsorbi ng gaseous organic
inpurities having a nol ecul ar sizé&4of nore than 8 angstrons. Accordingly:
A. The invention provides a filter which includes no inflamuable
consti t ueyd stheTrsalreTa@reeoft hhu cheaynme)m ovyet iite d:@nswwlc;t egd xwidt h this
filter, is superlor to _%%hponstructed m%ﬁ ggventlonal activate
charcoal ¥i¥ &Rt FPBWFHQC&%%%}HH §1 21T B2 S5id\Be At F BRY 18
Furt her nomzde tstesimnalént § pmt vati przevildd eahér di pradsordls nsi$§ buned nof
material s [ ofy ausing the
substr at eﬂi@ur C{a}cgﬂggnt ina aq;gﬁleaaﬁ!enrggﬁl?uiss @h n#}g%lﬁ%rggbagge&aﬁ
const r uct thie wiumi didiys cpin|ttr@r1 by e Bupadibier onavddeshupstt sam dirom uct ed with
conventi opgd agti vl e chargdledly t is tlir8Oul i ehanERO! Hoigrpsy fect ness

in prevention strate surface contam nat further,
the i nvend48ArBhAOR &Y isge thertiic aeohiten Hawt}leahgm%tmogmroa inthe air
and mai nt@fnghbtg1akh! rbynt PedRPhp HREKOHSsPEPaNi c inpurities for a long
period of tinme, conparing the conventional activated charcoal filter.
Therefore, the clean roomwhich is constructed with this filter, is
superior to that which is constructed with conventional activate charcoa
filter, fromthe standpoint of easiness in humdity control of the clean
room and al so fromthe standpoint of elongated life tinme thereof. Use
of synthetic zeolite as an adsorbent makes the filter very nmuch safe from
the standpoint of fire prevention, conparing to activated charcoal which is
classified in an inflammable material group according to the fire laws. If



the filter is formed so as to include a-honeyconb structure

94 to the surface of which synthetic zeolite is firMy%ixgﬁz |}/6} t
resi stance against the air passing therethrough is nadg 0" 1. "Synthetic
zeolite hardly adsorbs noisture in the air when the relative humdity is
nore than 20% so that the humdity cofAfrol by a hum difier provided
upstream fromthe filter is scarcely disturbed with the noisture
adsorption of synthetic zeolite, thus the humdity control of the clean

room becom ng nuch easier. 95

1. A filter having a base filter nedia as a supporter for
supportiTg an adsorbent, wherein zeolite as the adsorbent for

adsor bi ng gaseous organic inpurities contained in an object anbi ence,

is firmMy fixed to the_surface pof said su rter by usi ng an

i nor gani ¢ subst ance ‘st‘lsnlitﬁﬁe ?V%oai‘?ﬂﬂeggfﬁﬁ&e%u 18038 a8 suppgpigrnor
ability to ads ' ugn, O LGk TP ALl S . havjn n ffective
pore di aneter %ébg%r%ﬁgaﬁnt hgf&lg n%’eowétllg.l ﬁ2.Z Q{,‘ﬁ& ds q,&%f ialdtS %lfber?gvifﬁg a
base filter negdisording HaRPOUS €brgfific impurStHHIOr tomt@ined adaordiensh jesier ei n

the first adsorption |ayer is formed by firmy fixing zeolite as the

adsorbent for amsigngengis firmlyaddaed te gthd csurfpee i of esaidorsupberteri hyan

obj ect anbience to the, .surface of said supporter,with the help of an

i nor gani ¢ subsP&H& @n inorganic {ubstance as binder.’ sai inorganic su S{J%ce
having ability to adsorb gaseous organic impurities and having an
effective pore diameter larger than that of zeolite.

2. A filter having a base filter media as a supporter for
supporting an adsorbent, wherein the first adsorption layer is
formed by firmly fixing zeolite as the adsorbent for adsorbing
gaseous organic impurities contained in an object ambience to the
surface of said supporter with the help of an inorganic substance
as a binder, and the second adsorption layer is formed by firmly
fixing another inofganic substance to the surface of said first
adsorption layer, said another inorganic substance having ability
to adsorb gaseous organic impurities and having an effective pore
diameter larger than that of zeolite.

3. A filter having a base filter media as a supporter for
supporting an adsorbent, wherein zeolite as an adsorbent for
adsorbing gaseous organic impurities contained in an object
ambience, is pelletized by using an inorganic substance as a
binder, and the resultant zeolite pellets are firmly fixed to the
surface of said supporter, said inorganic substance having
ability to adsorb gaseous organic impurities and an effective
pore diameter larger than that of zeolite.

4. A filter having a base filter media as a supporter for

-
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as a binder, and the second adsorption layer is formed by firmy
fi xing anot her inorganic substance to the surface of said first

adsorption |layer, said another inorganic substance having ability to
adsorb gaseous organic inpurities and having an effective pore

di anmeter larger than that of zeolite. 3 A filter having a base

filter media as a supporter for sﬂ%porting an adsorbent, wherein

: g bR nen er ¢
ot bl red i o an SHRBEPind hn adsorh@iSOWRBAIIRENE TSI AiBHIE S3r L
substance as a adsorbimd Ng8seodNCbrigdRi ¢ eilﬂbﬁﬁ’ﬂ‘iegg%ﬂﬁa‘in&ﬂ gt %ar&gfe'b{ my

fixed to the surface of said supporter, sald I norgani c substance

havi ng abi dnbignte atsopdl lpdsselisbyorusdngc ahnpoorganes subbtancefdecai ve
ore diameter larger than that of zeolite. 4. A filter having a
Ease filter nEd?%fgigra %ﬁhoﬁg?t§§§uitﬂnt zeéilte pellets are coated wit anotheg

96 . Suppor{{fga iy aQét?srtQﬁ@%z h%%{geiébﬂ? 1§ Q&sqg'ge C@Qé&fsbeggﬁ%%
adsor bi ng gaseous organic Inpurities contained in an obje i énce,

is pelletized byimpmirigies dndorgpariffestifet doce dizmater larght ntiedn, thaed bhe
resul t ant zeolitetﬁgllets are coated wi th anot her i norgani ¢ substance
having ability t#%d86rb gaseous organic inpurities and an effective

pore di ametzer | arger th t_of i . .zeglite. 5 . fylter as
claimed i ntsény one of Ac%gl”‘l%n%ala,s f,la}:’"eéind%&‘olhy otie °\§\h‘_é1raélfnﬁ %’ai 22 séuﬁﬁg_rfl’er is
fornmed into the ¥laeys oyl dShipioryée isbformed into tie hbAdRoubrsdvugegewi th a
casing which is charged with an adsor bent, wherein said adsorbent has

a shape of 8a pellet wdi dilter providgdomish ®ycasdne ewhizhngs achargedirei tbf an
oo 11e Tor absoulobin e dRRESYE,OLRMRIE, Y hLOPgC LA ATE 0

obj ect anbi ence an 'norganic

i norgani ¢ subst apncefhianedn®y pelletbdinigt \a t#ixaG6Or Hf J2SSIAYE FoPaBHSorbing
inpurities and an effective pore diameter |arger than that of
zeolite. 7. gaseoup qrgende impuyitded cwnteimedcasiany ohieathanbiesharapddanith

'S formed by pel PRI WBRERIcH, BECF DRbry aui 8, FuREEHE o Honof nallug s
organic inpuritigsilgent abnadsdrd FasebiLCérgandé enfRrafibsatind an efPEYtd8I C
substance as a binder, and said resultant zeolite

pore diameter larger than that of zeolite.

7. A filter provided with a casing which is charged with an
adsorbent, wherein said adsorbent has a shape of a pellet which
is formed by pelletizing a mixture of zeolite for adsorbing
gaseous organic impurities contained in an object ambience and an
inorganic substance as a binder, and said resultant zeolite
pellet is further coated with another inorganic substance which
has ability to adsorb gaseous organic impurities and an effective
pore diameter larger than that of zeolite.

8. A filter as claimed in any one of claims 1, 2, 3, 4, 6 and
7, ‘wherein said zeolite has an effective pore diameter of 7
angstroms or more, and said inorganic substance adsorbing gaseous

organic impurities has an effective pore diameter larger than

that of zeolite, and a total volume per unit weight of the pore

AL A



pellet is further coated with another inorganic substance which has
ability to adsorb gaseous organic inpurities and an effective pore
di aneter |l arger than that of zeolite. 8. Afilter as clainmed in
any one of clains 1, 2, 3, 4, 6 and 7, wherein said zeolite has an
effective pore dianeter of 7 angstronms or nore, and said inorganic
subst ance adsor bi ng gaseous orgafic inpurities has an effective pore
diameter |37 9elof 1804 inorgahlsulbedfE 14 Sord"thad 0% /4 U5 RELCHAY

sai d inorgani ¢ siHggtanee the Po¥e ofhadid)igorgende RbsarRCikfhdre than [4f face
of the pore of said inorganic substance is nore than 100 nﬁ?g, t he
size of said poréedi the idiaei of) said lpere adigerdfutifigt in the rade ehgh rons.
9. ﬁ;éd¢ ter as clainmed in any one of clainms 1, 2, 3, 4, 6 and

7, wherein a BBRYISRBAt of said inorgani c substance adsorbing

gaseous oggani ¢ i npury %{llf',‘[seeragg Oad0Re A a8 fhet &#’%199&5‘9 ld;?’rreg’er‘i, 6 And o

| arger than that of zeolTf I's porous viscous clay m ner _
earth, silica, Bl wheréin & Wiil @omporfenti 6 sahdl idbtgania, substanc!ddbrbing

silicate, activated alumna or porous glass, or s m xture
thereof. 10.  §aseous grgapi¢timpuritiescihad rhaging ran effeqtive, poxshalisnetersai d
por ous ViScous a I ner i s .hydrated magnesi,um sili.cate . .cla
Mneral, BPT 2 Ehe oPRAE & 1Pty LE L PORERA YRR B 418 i he Fomp ex
of M Cr O-at5hkaPih, 3| 44T5BAST h1GARS, AL HEET 08COPI GaPU! GHIGHI Y
silica, or is mxture thereof. 11. Afilter as clainmed 1 n any one

of clainms 1, 2,aldmidym6sahitate, acTjvatiedr @lomimi dor npowpamsi glasbst ances
i ncl udes an inorganic adhesi on assisting agent. 12. “Afilter
as clainmed in JHEURE theregferein said adhesion assi sting inorganic

agent incigides al | eqstemqdiugesi Lt in_ claid! bl Cahefbi! YA Apotos

. A nethod of manufacturing a filter having acbase Ilter nedfa as a
supporter for swuigpousidlgyamimaadrixhydratedpudghieniunt kélicate ckdyepsnearfal,
preparing a suspension in which there are dispersed powder of zeolite
and powder of aAftikeihfilarsustidasdaywicthvaisdopatonite, o Fesvarlemrtiti es

and has an effE?ﬁtcirxgcxn;%rtgldio?neatlﬁﬁxillndasri@%atteh%d microscopic particles of
silica, or is mixture thereof.

11. A filter as claimed in any one of claims 1, 2, 3, 4, 6 and
7, vwherein said inorganic substances includes an 1inorganic
adhesion assisting agent.

12. 4 filter as claimed in claims 11, wherein said adhesion
assistiag inorganic agent includes at least sodium silicate,
silica, or alumina.

13. A method of manufacturing a filter having a base filter
media as a supporter for supporting an adsorbent, comprising the
steps of:

preparing a suspension in which there are dispersed powder
of zeolite and powder of an inorganic substance which absorbs
gaseous impurities and has an effective pore diameter larger than

that of zeolite and serves as a binder:; and

L



that of zeolite and serves as a binder; and

98 | mrer si ng said supporter in said suspension and then drying it,
thereby form ng an adsorption | ayer on the surface of said ~ support,
14. A nmet hod of manufacturing a filter having a base filter
media as a supporter for supporting an adsorbent, conprising the

steps of: i mrersing said supporter in a suspension in mhich

there %1 © SHBPELR LaPR SiipoDted O 'safd AMLBRNEIRY B B oG

substance as a b|n ylng It m ng rrst
adsor ption |ayerth@ﬁeﬁzhefsmlfnecearpfa@s_’ﬂrﬂtﬁdipplk{y_te?r,on the surfacea®® said
| mrer si ng said supporter already having said first adsorption | ayer
in a suspensi on §uBPRFE-ch there is dispersed an i norgani ¢ substance

which h ility t d L d .
ef:‘gct i \6/12 g‘glrel d?/arrgt sogb(b(gastfous ?%“%t%rb?g a flltfﬁoﬂig‘%’é‘lggsﬁd%gﬁ%ﬁpﬂlrtﬂ'ng
it, thereby forrme'agatjf as%ﬁﬁﬂgrt%gs?éptﬁ%ﬁortm'g aA WRorPht h‘éorﬁh” &ﬁs?%e Rk

said first adsorption | ayer conpri sing r'st

filter portion stepkudi:ing synt hetic zeollte as an adsorbent and the
second filter portion which is dlsgosed upstream or domnstrean1from
said first filter 1m$ﬁ$rlpgoﬁahd) SUPPEBtefe Hdjaacispersionetis, vhighi werend

filter portion Jd N |n ganlc adsor bent adsaqr bs seous
organic - |rﬁ§3r|4158§1r%1e d ﬁ gf% i 88?epar$‘\?’£ f P4r gapr q
synthetic zeolitbs#&ice as a blﬁdét|éﬁﬁ ﬁﬂéncﬁﬂiiﬂﬁdlwn Qhé&éﬁyliorﬂﬁkirQhB
said first filter portion includes a base filter nedia as an

adsor bent supporfiigst tasisorptionnhaysr, egntheesurfaceort tseifl ssubborter:fixed, and

a9 pooond e gna PRl DO SRR L A, B e

17. A TiddsBfptaonCliayd®dn B Shdddhsibn MOGHEER {H@eSUPPBSDEFsed an
inorganic substance which has ability to adsorb gaseous organic
impurities and an effective pore diameter larger than that of
zeolite and then drying it, thereby forming the second adsorption
layer on the surface of said first adsorption layer.

15. A filter comprising the first filter portion including
synthetic zeolite as an adsorbent, and the second filter portion
which is disposed upstream or downstream from said first filter
portion so as to be adjacent thereto, said second filter portion
including an inorganic adsorbent which adsorbs gaseous organic
impurities and has an effective pore diameter larger than
synthetic zeolite.

16. A filter as claimed in claim 15, wherein said first filter
portion includes a base filter media as an adsorbent supporter to
whith synthetic zeolite is firmly fixed, and said second filter
portion includes a base filter media as an adsorbent supporter to
which an inorganic adsorbent is firmly fixed.

17. A filter as claimed in claim 16, wherein the supporter of

-
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99 . said first filter portion is imersed in a suspension in which
syntheti ¢ zeolite is dispersed, and then dried, thereby synthetic

zeolite being firmy fixed to the surface of said supporter, and t he
supporter of said second filter portionis imersed in a suspensi on

i n which an inorgani c adsorbent is dispersed, and then dried, thereby
sai d inorgani c adsorbent being firmy figged to the surface of said
supporter. 18. Afilter as claimed in claim16, wherein pellets

f or med by spéd | Birsti fd1semtgoattion zEo| inmer pedvdar aasesgensiby in xdcho

t he supporter surface of the first filter portion, and pellets forned

by pelletizing $anthatisr zemliideats skisponsedovend thew dripdy b F¥9<k§’d synthetigg
the supporter “sycface, qfihher Serpnek Lhl LETROCEI AR, 48 said supportéh,! pher
Vi I'hit'o T wo

as clained in cl&'m supporter 1s

regions by an i rghgi @aﬁyoﬂt@wn@@r ¥aPd aB6cond filtéx epsreedbn NPs t hitnedised f iHWa
passing through the supporter at right angl es, and pellets forned by

pel | eti zi ng syntSIueDeIts izsoln t@loh an 1normwerad5|¢eb€ttf 1ardaISDer$ﬁ® ﬁhd(ddlleno
t he surface of one

regi ons, .t hereh ng th f|r
filter portion, 4KAfthe ‘E‘SF? §31d inorgap adwbﬁEFllﬁl El’ﬁ‘dnl Fc

adsor bent or po e firmy fixed to the surface of t he
ot her of said t%@?aeéé‘%? Sid suleor%Feby form ng the second filter portion.

20. 18. A fil terAaﬁﬂ(ﬂe&I g8t liabmed dinelainoi 6,1 Sghewkin @leﬂlld\tserfofmédﬂby
fixing pellets fornmed by pelletizing sgnthetlc zeolite or, powde
thereof to the Peliekieing synthedigpsepbiteaRywder wats \ﬂ?’#l‘fy ixed tpi Yhhag

pel let's formed by, pel) gt Lal g sak CubnerOANES AGSBERID. Olnd pelletAOFBiiled

thereof to the ce Tof s A ppor ter ere used a nor gani ¢

adhesi on assi st ibyg peUbstizAg Chaiids inbrgamdst adsurbeht t pdwder are fﬂmiwufuxed
m neral, bentonite, sodiumsilicate, silica, and al um na. 21. A
filter as clai i@ the aﬂﬁyp@ﬁ@roﬁmtﬁ%ﬁien%f the sexgndfilteggportion.

%ioloter por%fon |1§ at egllsltnc %ﬁég 4&‘3'“%?“' o g orlge ‘fhle(&:lgﬁgaa?d §@p@r§§§qu

m xture of silicavaged alinwbnatwal wagieHy Slbbl cad e,ma@ixhamt eBoundary plane
intersecting the air flow passing through the supporter at right
angles, and pellets formed by pelletizing synthetic zeolite or

. power thereof are firmly fixed to the surface of one of said two
regions, thereby forming the first filter portion, while pellets
formed by pelletizing said inorganic adsorbent or powder thereof
are firmly fixed to the surface of the other of said two regions,
thereby forming the second filter portion.

20. A filter as claimed in claim 17 or 18, wherein when firmly
fixing pellets formed by pelletizing synthetic zeolite or powder
thereof to the surface of said supporter and/or when firmly
fixing pellets formed by pelletizing said inorganic adsorbent or
powder thereof to the surface of said supporter, there is used an
inorganic adhesion assisting agent which is at least one of tale,

kaolin mineral, bentonite, sodium silicate, silica, and alumina.

21. A filter as claimed in any one of claims 15, 16, 17, 18

(L



al um na, porous glass, hydarated magnesiumsilicate clay mneral,

activated clay, and activated bentonite. 22. Afilter as clainmed in
any one of clainms 15, 16, 17, 18 and 19, wherein said synthetic
zeolite has an effective pore di aneter of 7 angstromor nore, and a
total volune per unit wei ght of the pore of said inorgani c substance
Is nore than 0.2 cc/g or a specifi® surface of the pore of said

i norganic subst anc is nore .than , 100 err]/ the. sjze of
said pore agy sig’i b¥§Led N 3t elqﬁﬁé’él%fadfgﬁ%‘%d’éggnég’frﬁ?t’sd. sggond

Atfilter as clai %ﬁé&‘p plgg{/jfé}\nqsogt Citeaaislgsor;%’of dfato 7eart1'3,3 gi[lica %ﬂgz,

wherein said suppo orned Irnto the honeyco ruct ure.

A filter as clai geghire Cofi ®ilbca Waed eabumiag falusinum | $¢¥bicate, apivated is
constructed in the formof a cylindrical casing which is filled with
sai d synthetic zebupina, pporatss shass, ehxdargtedggnesium sikicate rclgyrpingrals

constructed in the form,of. a separate lindrical casing which is
filled with pel | 8FE\a%eanc 1% ahd ac b\éﬁﬁeét?ez‘g n4%%m sai d i nor gani ¢

adsorbent. g9 A filter as claimed in any one of claims 15, 16, 17, 18
and 19, wherein said synthetic zeolite has an effective pore
diameter of 7 angstrom or more, and a total volume per unit
weight of the pore of said inorganic substance is more than 0.2
cc/g or a specific surface of the pore of said inorganic
substance is more than 100 m?/g, the size of said pore
distributing in the range of 15 to 300 angstroms. |

23. A filter as claimed in any one of claims 15, 16, 17, 18
and 19, wherein said supporter is formed into the honeycomb
structure.

24. A filter as claimed in claim 15, wherein said first filter
portion is constructed in the form of a cylindrical casing which
is filled with said synthetic zeolite pellets while said second
filter portion is constructed in the form of a separate
cylindrical casing which is filled with pellets which are

pelletized from said inorganic adsorbent.
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