FTNK98002/ SG
the Invention AlR CLEANI NG APPARATUS, AIR FILTER AND METHOD FOR
MANUFACTURI NG THE SAME Technical Field This invention generally
relates to an air cleaning apparatus such as a clean room a clean bench

and
as

and
t he
and

so forth,

1/ 102 Title of

which is used in the manufacture of precision products such

sem conduN@8B3¥senents (e.g. LSI), liquid crystal dRGpHIPas/eP3s3y CD)

so forth,

and has the function of controlling the relative humdity of

air in the working space and al so renovi ng gaseous organic inpurities

fine particulate inpurities contained in air of the working space.
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More parti
install ed
- cont ai ned

cularly, the invention relates to an air filter which can be
I n such apparatus for renbving gaseous organic inpurities
in the air of the working space, and further relates to

met hod for manufacturing the sane. In the foll ow ng description,
expression "air cleaning apparatus' seens to be too general, so that it
will be expreWOM3¥ISjust 'clean room or 'clean room or th@QIfIREB/O00ISIr

practi cal
It is well
use of in

and concrete understandi ng of the invention. Background Art
known that a clean room a clean bench and so on are w dely
t he process of manufacturing LSI' s and LCD s. For instance,

case of nmarRRICHET bg & DRABBED KIBSGHINTH drineo G dtEst A siEizol

wafer), there is required a _sem conductor manufacturing line copsistin

t he nmanuf adh& iy BEHY Gk BSE Dook SARsb EOHEFRERAGR il 86 fg”

of the 9.
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(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 wi thout |eaving the object good in any standby position.

FTNKO8002/ SG WO 98/33575 2/ 1022PCT/IP98/00383

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
*1
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manuf acturing line of the TFT-LCD, the half-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
- conpartnent or roomfor several to several tens hours being exposed to the
‘ordinary clean roomair. As such, when the silicon wafer or the LCD

. substrate are W@983351§ t he ordinary clean roomair for a | ongPETHRISNONES of t en
- happens that sone organi c substances are deposited on the surface of the
-wafer or the LCD substrate. |If such deposition of organic substances
.occurs, it causes the follow ng an inconvenient state. That is, if an
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organi ¢ substances disturbs the close contact between the silicon wafer
surface and aphotoresist filmapplied thereto, thus, causing failure in
-1ight 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 oWQ383ss| i con dioxide filmfornmed on the silicoPCTAEPEP038INNI ch
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 orgaqic i npurities
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FTNK98002/ SG 3/ 102 reaction
m ght stick to and cloud up the surfaces of the lens and the mrror
constituting an optical instrunent such as a |ight projector, thereby
reducing the optical efficiency. Organi ¢ substances contained in the
.air of the working space can give a simlar ill influence to the glass
-substrate as WoIBB&Ssubstrate. In case of formi ng an anor pHRETEPEIA0EE0ON
film(a-Si) for usein athin filmtransistor (TFT) on the LCD substrate,
i f organic substances contained in the air of the working space is

. deposited on the LCD substrate surface, it again disturbs the close contact
| bet ween t he &&8%) 15 T &rié 8 3 120D S DML & Suk tulde. 1R BEBICRY THERe
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above, organic substance flying about in the air of the working space is

really an ill factor to be renoved as conplete as possible. On one
~hand, it is possible to renove the organi c substance deposited on the
-substrate surface by sone cl eani ng met hods, for I nstance by

- means of ultraviolet/ozone treatnment. According to this cleaning nethod,
however, at | W@MBB38FFeral ninutes have to be spent for conplRGIEPISWEEBani ng
a single substrate. Consequently, enornous tine has to be shared for
cleaning a | arge nunber of substrates, thus naturally reducing
productivity. Recently, therefore, in addition to problemwth regard to

the Si and 24D SubsErafsthdlifi@R bt &nfdati on caused by netallic .
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i nstance, in the article entitled 'Forecast O Airborne Ml ecul ar

Contam nation Limts For The 0.25 Mcron H gh Performance Logic Process'
. of Technol ogy Transfer #95052812A- TR published by SEMATECH (U.S. A ) on
" May 31, 1995, the organic contam nant control |evel (allowable surface
contam nation value) is discussed and made into the following Table 1. In
t he di scussi oWO%B@EBBrticle witer(s) FTNK98002/ SG  PCT/PI8/00383

4/ 102 forecasts that in 1998, the all owabl e nunber of carbon atons
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on the sem conductor substrate surface should be Iimted up to 5 x 10[err]
carbon atons/cni{err] before processing and 1 x 10[err] carbon atons/cni

after processing. Table 1 Requirenments 1995 1998 2001
2004 2007 2010 (Year) . Feature Size 0.35 0.25 0. 18 0.13
0. 1 0.07 (mcronmeter) Front End Processes O ganics (atons of
5E13 3E13 WO®BBYS  5EL2 3E12 PCT/JP98/00383
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by MCEKT3ROBEHELTORAE, MREYF T b TREREFRTHESR
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BTN 2EDLERD, BB, BT« IN5 2, HARERIHMIZRELR
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C/ cnferr]) Back End Process Organics (atons of 1E15 1E15 1E15
<lE15 < 1E15 <1E15 C/cnjerr]) Heretofore, a chemcal filter such as
an activated charcoal filter has been used as neans for adsorbing and
‘renoving gaseous organic inpurities which are still contained in the
~cleaned air. A predeterm ned container in the formof a tower which is
filled with aWNO88¥8 charcoal is well known as the nost popRETAPISNES3S| npl e
. chemical filter. It is also well known that a chemical filter is forned in
~various types. For instance, sone chemcal filters are nmade in the form of
"a felt by inter\/\eaviﬁlﬁ% fibrous activated charcoal with a binder of

| pol yest er & #H8h AOWEEER Ving .pdr bk oK ihBrisy g1 oty st B—RABEd Jadd't he
others are T
£, FAR\ICLNE, ke, BEITOTZRERFIEDERET S
HDOYATA FOMKE, HAREEFMMERET2HEEEL, »ORES
5 S MNOEPEABLD DAEREDEILRZETEINA T ELTHN S Eig
MOBKES B BERCEB I LBCEBRTIILT, HRIHFGEOE
Bl BEEERET S L ERMET BT (V5 OREHENBRENS,
I, XBhE, SEHSTOHARERFHNEZRETZLDOEFSA +0O
BRENA DT EL TR ERNZH I CLBBRICERIELRICERT

10 BI&T, MRIBEOREIE 1 ORBEBEEBRL, Bz, TAREBTHS
PRETHHBREAL, POREATA LOFHMILELD R ERFHMELE
EETHEEMONKESRI T ABRBRICSB I T LBICERTZ LT,
BB OREBORECE2OREBERBRT S L ERBRETE T4 NVF O
EHENRREND,

15 INSOT 4N IOREFEICEINE, METANFEHIAREERMY &R
ELRVENOBNSHBRTEENTES., ELEENIC, WEZ74NTIRT
BYEEERVWEMDATHERIND &R, B, ThoOBERKICS
WTIE, MIRXBFEOREICS IOREBERRLED, ES5LE1OREROD
FRE20RERBERRT HRIC, MHEEERY BB/ VRE O BT ES

20 WEHHEZRALLZES, NIRESVIERREREHFESDI LIRS,

Ee, FRAKINE, BENAH I AZREBRIEIBRBEHALES
EBICBWT, MRZKOBRERIC, MELSRHOLWTANO T A NVF &, &
REBOTHAKREINANTFRAMMERET IHFRET NI 2RI LE
BEEMEGEINS, COWRBEBICLINE, HEEBACBLTHERLTVS

25 HEPOHAREEFMME, BELZBEFIR5IERBRETE EMNTRE
B, ZOESEER, TRV THIBEEREZEALTLAVOTHRIZENT
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formed by adhering granul ar activated carbon on an urethane foam or
nonwoven fabric with a proper adhesive and then FTNK98002/ SG
5/ 102 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

gaseous organWOMBEIsities in the air may be achi eved by ar ROTGPIRPOISe
chem cal filters on the upstream

B, #-oT, MET7ANFERTRET NI 2, FHREBOXRARICERET
BZENTEBLIKES,

Kic, ZRHICINE, ERET ST L 2HALBEAEZETBIELIOT 4
WO LEHBXITHRACHES T, YARGE AW ERETHHEEEL,

5 MDOWRARETSA FOAPHBABRLY bAEZLEDMAERZE Y 5 EBESE
K@i rBElE2ETAE 2074 VIRERBLAZLEZHBETE TN
SRBRBEINDE, TOTANFTIE, TRDTHIEEREEAL TWRNWOTH
RicEhTW3, ZO74N0FIENE, EREBACBNTHERL TWBHESR
MOHZAREBRRHMZE, BERETIEDB I ERKRETEIILNMREERS,

10 ZDTANFETBNT, FIRE1DOT7 4 NVIEHA, XBEOCRFICAERESTS
A FEEEIEEBRTHD, WRB2OT74NVFEYE, XFHEOXEITHILE
BEEFZESIREZHBRETH>TH RN, Z0RE, ARAEWRESLIOT 4
FEY, FIRARETLFM 20 I T-BEBERICEFEESETEARICER
TR E KB RETICAREASA F2EBSEABRTHD MiRE207

15 4N EN MTERRERNZ2OMITLABREBRIIXFEZERIBLRICHLRE
THZLTXRARBICERRSAZEEFEIEBRTH S,

Tz, WIRRBLIOT7 A NIRA, EREFTTA MORKRTHEERLERVY b E
FHECEHBESITLBRTDHD, LB 2074 VBN, MiERREROR
RKTCERLEZRL Yy P2XRECEBEITEZERBRTHo>THRN,

20 Bz, BREZETHIXRGE, EXFEOBEKTMERETIEATMEIRIC
LT2DO0@ERIZHBIL, —FOEBICBNWTXHEFEORAKEREF 1 b
L<RBREASA FOBKRTHRLERLy FEERSRTELOT 4 V58
EERL, FOEBICBNWTXREOERAICERTEANS L XEBREAO
BRTERLERL Yy FZEBSETE20 74 NVIHERBELEBRETSZ

25 &BHTE3,

it,ﬁﬁi%ﬁ@ﬁﬁt%&ﬁii%F%L<ﬁé&€#54bo%$ﬁ%
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side of the particle filters installed in the ceiling portion so as to
entirely cover it. However, according to the Fire Laws of Japan, activated
charcoal is classified into an inflanmble material group, and it strictly
.requires careful attention to fire. Accordingly, in view of the disaster
prevention, it should be as avoided as possible to arrange the chem cal
filter using WOBRB¥Rd charcoal on the backside of the ceil B¢gIBI0I3 c| ean
room The clean roomfor use in the manufacture of LS s and LCD s
supplies the clean air to the working space, the clean air being typically

of 45105 Fb#ec bellys B S IR Lnodb by kbt | A0 B1%eh & SR Tl BER, c1

veake YT ORI & BBk B AT D0 A SRR B0 e

n the ai r g Mot et crarchdl M o dy TbAbRIed T DR E e
EHSRIEEMBAEHEATECEMFEL W,

5 MRERE207 4 NVIBOEBHBEERT, AAETVWES L, UL, TIIF,
SURETNITOREW, BETFNI=UL, BETNIT, 2LEH IR,
JRRBEOSKERT Y Xy AESEHY, FAL, EHEXS RFA b
DL EDBLIENSRS>TOTHRN,

¥7-, HiIRBEREFT A POBYHEABENR T TA O —LUETHD, »

10 DHRE20 74 NVIROEBRERAICBNWT, 16~300F /A bO—A
DEHBEICHOHTIMALOREENERLAEDO. 2cc/ glhLTHDH, XX
HEREEANOMAOLZERNL1O00m? /gl ETH>THRN,

FEEEEIL, NSHABBHRETAIENTES. ZOBE, MENZDA
BEES, ERBEEZLNARTETIBERTHD I ENFEL W,

15 i, FIREREFTFAIMORV Yy b S —Y /HICTHEEALUTHIEE 107
ANV EMEL, MREBEERORLy b2y — 2 JRAITEEL TH]
RE2074 ) YHEHRLUTHRW, BT, Bkt 51 MNIBAKETD
BIEMFELN,

20 HEOMERHRA
EBIHIE, FRAOE 1 OEROBRICHINIERLEBORREEABHNITRT
RARTH . F2HIZ, FRBIIHBDZI 74 IIVF O—FHOBRBE LS BHEIIK
THhs., B3I, BRI —FLBR—FZ2HBLAKEBEORAR S EARK
TH>, B4R, WEI— P EERI—FEMBLAEREBORAMI LA
2 THh>. 5T, FRHUDE 1 OEBEOBEBIIANSUOEREBEOBRER
IR HRARNTH 5. F6EiT, FRADE2 OXWOBRBITHLNSB T 1)
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I ncrease of the relative humdity. For instance, after holding fresh
~activated charcoal adsorbing none of noisture in a container filled with a
.dry air, if this activated charcoal is abruptly transferred to the clean

. room and exposed to the clean roomair of which the tenperature is 23 to

. 25[err]C and the relative humdity is 4510% activated charcoal would
"adsorb a larg®FISty of noisture before reaching its sat uPEREESABE o

- Accordingly, if the chemcal filter using fresh activated charcoal is
-installed on the air supply side of the clean room the humdity |evel of

Pl o Bk SR B S AR A BB LAY
XA ERTH . B8R, EEIALy FEEFLET A NS OBRE
AEERTH2, BOER, ARB[IBTIRERNEOEIRIEARTS 5.
B10RIL, ARFOSE2ORBOBEITHDBMD T 1 )b 5 DEBEKIRS B
5 MRTHB. F11EE, YUHETNIFTOEEEER(SiIO0,/A1,0,)
E¥FSAL100gUiDDRIEER (25T, MMEES 0%) OHKE
KIS ThHd. £1 2RI, BAEEFSA FEEERAD25CIIBITS
KOBRFERBRTHS. B 1 3HE, FRFOMOEROBRBITHND T 4 )
5 DB S RETIR TS5, B1 4R, RECS1 OREELE 2 ORF
10 BEBRLEZANSOBRRBANEETHS. 158, B1OREBES
2OBRERBNSARLECREBNEOMRABILARTHS. H1 6 HiE, £
AOE2 0EBOBRICH PSS EBORBRLERNICRIRERTH 5. B
1 7HI, FRAOEIDOEHEOHRBICHNZ T4 NIORBVTHD, (a) &
MR, (b) BRALZRZZTNTNARLTNS. B18EE, H1, 2074
15 FWMOBIEMEHRALRTSHS. $1 9K, B3OEMOBBITHMBHO
T4 NIORBETH S, £2 0K, MOEBBOHBEBIIANDZ T4 NI DHHA
HTH5. 2 1, BHS—FEHEL—FeRBLET 4 VY OBRESH
BAETHB. $2 201, WK — PR —FEHBLAET 4 VY OBER
BAWARTH S, E230E, r—>>V2AWRLy NEBHLTHRLE
200 FRADOMOKREOBRIIHNE TIN5 %KL, (a) X (b) OA-AKM@E,
(b) it (a) OB-BWiETH5. B2 4RE, ¥IHNT4NFIEkBNE
BRI E Ny L NEEOBMA BB ERT Y57 THB. 82 5B,
ARHICRES BEMA L RREAEROMBERT /57 Tho, £2 6 KL, %P
EEOBEEAEI YIS Yz N: 3 MEESEIICRL EBEOEMA DR
25 BEEERTISTITHS. B2 7TEIRE, SRELTT FEBRRAOKDRH
ERBERTH5, 528N, FEORENORABROBREE 25 MBETHEY
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FTNK98002/ SG 6/ 102 is
controlled at a preset |level on the upstreamside of the filter. If
hum dity 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 act urer WOWABFPcal filters using activated charcoal i sPGTERMHEWBEY t o
carry out a very conplex work prior to their shipping the filter. That is,
they first survey the tenperature and humdity of their client's clean room

the T11¢er DUHER B IRBSL AL a7 1T BemoRbe Bl ind AVREES “%&%ﬁﬂ‘%'”
o ANRAEE P& SR oo SR SR AL
has a ﬁ#ﬁﬁ@%k&m?ﬁy7?bé,%somm,m%&ﬁwﬁﬁﬁﬂman
ERMETAEETHS. B3 1R, B30HCRLARROBRERT Y57
5 TH5. BI2EE, FIANTANFCESGABEQCEBEN LY I NEEO
EMAOEBELERT Y57 Ths. B33HIE, sRAAOE 1 ORFEL
ZoOREBOEAMLARTH S, 3 4RI, READORREOMRIART
$%, E35HIL, FRABOEHEBOBRLARNTH 2. £3 6 MiZ, THH
COEIDRERBLE2OREBOERNMLARTH S, £33 THIZ, HBHDOD
10 BLOREBEBE2OREBOERNLARTHS. £3 8K, HEMEDE]
DREBEE2OREBOERMLARTSH S, $3 9Ei3, REEELOBLEMS
2 YAy NE3 IMEERESCRLABAOBBAORBELERT Y
ST7TH3. F40-E, BRKEETSTI FEBEERANDKOBEFRERTH
3, B4 1B, FRACLBIANIEI U= N—LbAREINREED
15 XHCBOAITALBEAORPBRTHS. £42HIE, *ERBRIBZ3 741050
MRERTY 57 THD. B43HIE, XBHIIKB I NFEII—N—A
RCBMNEREEDOY Y —2— L7 QWD ANDICED (AN OEES
DHEHARTH 5.

t he

200 REOEBORROHRE
BT, ZAMEZ28BLAENSERACHFE L WEHBOFEICOWTHAT 5,
FBIREZ FARADBL1OREORBRBICHNIEHEE 1 OBREHIBHICR
THHAMTHZ. ZOFHEE 11X, B, ARAEIU-2N—L0%0Y
—IRIFRETHD, BHEEE 1R, FAELS IPLCDREDHEERTS
25 HOMEBEE2E, ZOUBZEM2OLTICHBTZRAR (751 L)
L) SRUKTH (LY TLFA) 4L, UBER2OMMAICNETSL Y >
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hi gh adsorption efficiency, but it has a high pressure |oss (vent
~resistance) as its drawback. On one hand, a chemcal filter of the felt or
- sheet type is acceptably ventilative and shows the adsorption efficiency in
. adsorption of organic inpurities which is not so different fromthat of the
- tower type chemical filter. However, there is a possibility that the filter
“of this type WQM8A8375as a source of gaseous organi c inpuritiRSIPIYYBE
specifically, the problem exists in various adhesives used for firmy
fixing activated charcoal on the base filter nmedia (e.g. nonwoven fabric)
and/or sealing materials used for fixing the base filter nedia to the
filter franBB bdp SiIKaNEed-neoprene resin, urethane resin, epoxy resin,

ubber . i | BoHERANESr et Sare N SaRER BAEd Butt A A dal Rt W
Lhese adnest dol BrlaZkH Bre hiers 4 2 aremrh bobd BB B G oo dhibe it O
through the, cham ool Lik 595 2P UGG Bl nm 1 4 nRBEN TV 5. KTH
5 ARSHOANELSNEILV—F L F 15 THYSNTNS. Tk, KTH4
i, SEAREEE 1 4OERAHWEZNETILOOEEEI )1 6 RE
TNTW3, BEREIAN16KR, BRRARACRBZELIEAVEHTER
ERHTIESHANBLE®T 3. LY VEBEBSCRELS Y1 7THREBEINT
BD, COBREESY1 T TRESNZBRESFHEOREMEELARD, HDI1N
10 CREBEIETEEE—ECRDLIL, BREEIN16 ORKABAESR 1
sMEBMENS,

ZFLT, PU—>T77232=vy+r13077>22AZv bl O0MEEBTHI L
koT, BESHEENABINANS, HHEE 1 AROERIR, KH#H3—~
MBEM2>KRTFE#M4—>L Y BES >RIEF3DOBICHNTERT LS ICH

15 MINTW3B, TECOBERIC, EEBas)1 6tk THHFSH, Z7U—
> 772 A2y F13ADTANI LI ERTFRETIANI LI 2ICE>TERS
DHARERFHS W TFRAMYMBRESNT, BETHELAEIILEER
2HICHRENB LS IR TVS,

TN 11, BRESHSHAREENERET 5D ORAKEL T |

20 FrEEBATWS, 740571113, TBIE2EERVWEMOLTHEES N,
MOHAREBAMMERELLNRMOLTHRINA TS,

BMFBRETANFZL12B74NF L 1OTHACEENTBD, ZOKNFERE
TANYT 1 2RNMFRAMWERET S L NTIEERBEEZBELTVWS, X,
BRZEERETIEDORTFREZIANST 1213, HAREHTMPEREL

5 BWREMOAZTERERINTNVS,

-, BHREBIOKTHARITIR, BOANASHAKER2 0 2R THE

15



i1l influence to the manufacture of sem conductor devices. In other words,
~the chemcal filter of the felt or sheet type may renove the organic
i mpurities of the ppb order contained in the clean roomair, but it

rel eases gaseous organic FTNK98002/ SG
- 71102 impurities by itself and again m xes themw th the clean air once
filtered hy i WOSBP357S In general, materials which rel eadCTHREBAGI

organic inmpurities as nmentioned above are also included in a

BIEEND, CONKER2 01T, MOARINES S H AREEDERET S
oD, BKEEFSA MEBBATZTA4NF 2 1B BENTED, 740521
OEFMCE, MOANNEORE - B - AREGS1=y MEZERE2 2
B SNTVS, £k, ASEE2 0 CIHEEL Y2 7 HREINTEY, <
5 OWEELY2 7 CRHINGEBEAFEOREMELDESK, 1oy MEZ%E
W2 2 OMEBEMORKERER 2 9 MHBEND, —F, LEEH2NICIHE
EboH2 SRRBINTEY, COBELSY2 8 TABEEM2NOZEKD
BENSREENS,
AGRE2 0NSHSEE 1 ORTHRA /B INARD ANARE, LI
10 EE5RURH$WIZRBELT, LBEM2ICEAIND, B8, TORDAN
NEE, EEUTHEEHRRPSRBHELE, BREKBONT O XE2RE, =X
EAz—ERT5L58MBEN5, HEAE, HEO2525%EHTU26 2N
LTES KI5,
E2EIX, 740571 1 OMBHTIRELETHS., BETHEBS—H3
15 0 DM, MmO — b3 1 2RAEMEONS I AMIEA3 2 28 L,
TONZHLBERS 2O0RTEBICHKEEST A FREEFINTHS., B
FHESIC, BARELS A FOERMILER, T4 YA O—ANETSS
TEMEFELYL, IROKIIK, 74057111, ABEROFHRMESR (B,
HiEXRAIS ITCRTAM KBOTAELSZTINI=TLE8ON#35a, 3
20 5b, 35c, 35d2HRICAANT, TORAHFEHITBKRAEEFSIM bZ2&E
EiEBELENS D AMEA3 22RETBCEICXD#RIND. BFEL L
ONBBLUTEIL, BREEMCAbE TEBCRILEETHIENTES,
TANS 11 OMEFEO—FIZMHEICHAT S, ERBE (T3 v 7 Wi,
HS AWM, SUNRE, TIITBES) LEEME OOV, BRE-o>
25 ODERESY) LEBANIGILOIDOMEEL : 1 10SEETEEL, X
PREEICEDHO0. SMmOBELCHET 5. 28, BEINCTLAORDOI,
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constituent of the particle filter for renoving particulate inpurities.
~This filter is typically arranged on the downstream side of the chem cal
“filter for adsorbing gaseous organic inpurities, so that the particle
"filter may undesirably act as a gaseous organic inpurity source. A JP
" unexam ned patent publication No. 61-103518 and a JP unexam ned patent

| publicatian NWOSBEB11 respectively disclose afilter whi chcBEHEPIS/0383
converti bl yused as achenmical filter. The fornmer patent publication
describes a filter which is devel oped for renoving of fensive odor. This

filter is formed by inmersing a base material such as a urethane foamin an
aqueous sol BBEGA o6t Bl AidgE Bdt VB2t it dal , pdv@ kv ddndsh # Dokt £ fie

however . gaolife LoF dork oo OAREYs 1 BE 408 Kok nSaBRBLLoni Ik he
ihest ve of BB TIon § FORREGE BIks A6 AR bt R a4 1o
the other hand, Lh& s o cmm 5. CONTHAMESS 2 &, BRFCANT, 4
5 00C, LMMORLBETL, ARERSZETHREL, NoHABEHS 2
EEAELETE, DERHRAEELSA oMK (Bum) CEBRVINAT
& (UBSIN, TVIFIUNE) 2RI BTEBERIC, SAENZLTLBE
EEESBELREE, 300C, 1MRBMORUBTERLT, 74NV5112%
BIENTES, IHLTESNETANF 1 1E, BRMBICTRZSER
10 Wi, EERNBUBINZBICERMBIIEENTWERABFRORE LS
HAREERFHYRSVETHE - BREINZ2D, 74 NVF5E8FNSHIARE
B ERETSH I EDRN, '
KIS, 740571 10MOBEFEO—HEZRATZ. NZAWALABEE3 22
HETHETR, ACHALLBESEAEALCTHS. MIBOFATIE, SHE
15 ERSENZHAREE3 2ICHAEELTS S Fok (Bum) Z8RER
o, FHTER, NoHLBEE3 2IThROBKEEA ST F2EERATHES
5. EIRE, FHACBITIHUBHEDOTI NS 1 1 OEXGERSEKRET
b5, BEI—F30&HWRV— L3 1LoRWEAFICHRMRSBRROBRKEES
5S4 h362HREEEFTEFETS. TLT, TONZHLEBEK3 22, &
20 FFEICANT, #EFOMBEBELTO100CT2REORLELZITY, #F
IS EN3ZABROFERELS HAREEAMY R 2L THEE - RETS
TEIRED, 4N 1 1E2HETS, DEBEKILIE 3SRICFRTRELEEABOK
ERREL-EROEMITE2BETEI &R, b, BARIIETLII,
WK —F38LBR—F31EZHDADETHBRLAENZ D LBEEI 2D
25 ERELSHEICHBAZA<KHROBAEYTIS I3 62EREERATEETS L
kD, 7405711 28ELTHRN., ZOE4AHOBEIE, UEBERE=4A
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above latter patent publication describes a filter which is devel oped for
renmovi ng harnful gas and offensive odor against human health. This filter
requi res conbination use of the adsorbent and the organic binder as a
necessary condition. However, polyethylene and ot her organi c substances,
whi ch are described as preferable exanples of the organic binder in the
publicatiaon, mxysas®sr fail to rel ease undesirabl e gaseous OPGRATPOE00383
substances by thensel ves. As a filter of this kind, a JP unexam ned
pat ent publication No. 63-310636 (JP Patent No. 2, 579, 767) and an
unexam ned i nternational publication No. W91/16971 (JP Patent No.

2,579, 767) FEIG3iT B tt £he 7=Eik 1 284 i3n 9vh &R 56 adséE Beht such as zeolite is
fixed to the surface of a

COESTLTEREEINZI T4 NF 1 1 3, BRVHH IR EZS AW,
ZEIROKIKT74NF 11 2RHBICMOMFLES, TR TS BEER
ER—AELEREDOTIANT A VY ERAEICWMOHTBE LHBEL T,

% Mﬁi@iéﬁﬁ%b<%iécﬁ£,%lﬁtﬁbtﬁﬁﬁﬁltﬁhf,W
DANAGENETZ 7452 1 bEREKELETZ 74051 1 LAKRD
HEEEThiX, TR THIBUREN—RELERKRDOTIANT 4 NT2H
SROANOKCERIMATERELLELT, HRLELOR2ERBREILEES.

BMFRETANITHHIEROFHET7 s WVISPHEPAT74)NY, ULPA

10 Z74NMF T, BHICEREAEBYEEUONA Y EERLTWEDOTNA ¥
MEDOBMHARD B, LENR> THFRETANS 1 2IKDWTRNA 5 2HE
BLAWEMZRAN, BA2VENA IV 2HRLTHTHRELLAEOMREC
SNERUERYERELEZBMZAN, S5KCEME27V—LARKREETSFR
THBL—NHMCOBRAIARAOREDRVWEREBIRLEYD, H50WIRBHERA

15 ADBWEMTHENICERLTIZV—LREEITSIENEXLW,

KIZ, ZREBPOE LOEEOBBIIhMBMMOFEREE1’ EESKITRLL,
COESRICTFIREEEL X, BKEEASA FNE2EB SN LBE
HOT74NF ) 1 EERER]L’ OXRHBIZACWOAIHOTREL, i
MIBIWTREBLTWS, FATHE, E1HEERLTI4NVF 1 10OREEHZ

20 ¥4l TOMOEIE, ECBEIHRCBNWTREALAFEHEEL LRAROE
BRTHD. HoT, FOEHKAITHEREEL TBWT, EXEIRTRALL
BHEBL1LACHEBREBERICOVWTRRALCHABRMA TR 2 LiIckD, HFMARRHA
TEMBT 5.

BEEOMBEREEZTOIFREBIIBVWTEEL TS, EREEABROERER

5 BEEWIZ, - FAOCRETIERYIOOFYD, BHPOERANASR
£TBUCBIATIN, EMPORBRMNSRETE ISV -, LIXNER
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FTNK98002/ SG 8/ 102 honeyconb

matri x having perforations by using a water glass and other inorganic

bi nder . Accordi ngly, an object of the invention is to provide a

“filter which is safe and reliable fromthe standpoint of disaster

. prevention, and neither disturbs the controlled hunmdity of the clean room

cair nor rel ea¥s98§aFeous organic inpurities by itself, and RATIPEHMIHIB even

ca very small quantity of gaseous organic inpurities contained in the

- wor ki ng space, thereby protecting the substrate surface from being

- contam nated with such inpurities. Another object of the invention is to

- provide a FHNNSCELDE HdhM BeS ur ihg v HelBE bl dr A EhiE $red Hobie & B H

th

anernet S BOFOBRBILEEMIIBONS, CNEDEBRMORERIIIV—2N—L4
BEELVHOHESREBEOEREH S LS RBESEBENBCEET S RECHAT
ZEZOPRBTHY, BROANMAKICARTZH0RBIDARL., LENST,

5 T40F110%ENE, EELUTHEREBNB TRETIRAFRORELRS
BhS - BAFOABLOMEZERERTMASKREL, BREBAROINGR
BYBEEEBRTAIETHS, 74NVF 1 1 2BAEEEXEZERHT D L,
BEORICHESEBATOSEDEERISLEL, REBERKMORBLLEDIZ, B
BESHNS INSHBUNE—REINT, BERETLTVLE, RTINS

10 ZEBARORLBETHITIBETRELRTS. ZEN1EHERT IRICKRES
NAERYER, XALSERDATAEIKOBEREEL L, FA5IVWEESKH
DEBEE1 2HBET5E, 2 10MENSHD. DXD, BEAMHOERSHHR
ENS, BEREBANBOREBLYETIRELTETHSEITORMEE, F5IL
FESHOESREEL OBARIHZACRIMGTEZBIROEREE 1 OB

15 BX0LHUIKELRS, £k, BRENKIRTIVERBED, MFIVLESIE
KHALECRD M EBLLI0bHLE< RS, DX, M3 LBECERK
B0, BREOTHBESHINBZVWEEXVBILELRBZIENIE
Frizd s, 7407110122y VXA MPEMWRTRICES S>> FO
AFPERLLEVEVIRENESEMS, ZOESHITRTHADOKLIIIT, 74

20 F110REBEREMBSIKIEBEZN, _

KRiZ, ERBOE2OEBOBRBRICHNZ 74N F 1 00ZF6RHITBNTH
HT3.

TOT4NFT100D, REE2HTHALET4INF 1 1 EBERRBROER
2L TWS, BL, ZOFE2OEROBRIIMDDT74IIF100THE, N=

25 HALAEBEEKL 1 2O0FAEAFC, BRROEASA M ERKEFTTT FOFHHA

BEOBDRELEDHABREETOIEBBYENA I ELTHWTERESB2#E
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object of the invention is to provide a clean roomor the |ike equipped

with the filter as nmentioned above. Disclosure of the Invention
According to the invention, there is provided a clean roomor the |ike
having an air circulation nmechani smwhich circulates the humdity
~controlled air through a predetermned air circulation path, wher
. said air cirwoesssys path is provided with an air filter wRCIAPHSRIE
i hydrophobic zeolite layer formed on its base filter nedia surface and
canother air filter which is disposed on the downstream side of the filter

‘ havi ng a hydrophobic zeolite layer and is used for renoving particul ate

ein

inpuriti es RinTra TWEd B & TERBL Bl Bt i FgDAE 12 DAR MDY AID % B 2 ikt Poom

. gaseous organic inpurities can be removed fromthe air circul atj Jn
- ¢l ean r oomOnGiBouthHondr §ray. t hel Bubi. dilt y Dfc 4 hb kﬁ@@%{%@%&ﬁ%ﬁﬂe

o ean oom ) s gl SOOIt A TR APt o
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CHWRV—P111%, ZLRMEFML 1 3ICBETICKAECHET ST LITX
DEREN3, 740710 0DABPTERER, REBEEMICGOETERI
BHTDIEMNTES,

TZT, Z0T74NF 100 ORBHEO—FERAT 5. NZHLHEEEE
BETAETOIRIE, EROFELALTHS. FRERIVBREINTERO
NoHLEEE]L 1 20FAECIBREXROI 70 Y XOERRNBERSDT, T
OHREREZILETHIEZEAMON S LABER 1 1 228ETEHILENTES. &
I OMERNICEREFONA OB FRXEVDAD I &LITRB. RiZ, ¥F
S OBKE, HAREBIHMEREFETHEHEEZFL, »DOEXFSA LOF
HAMAEL D LDREREDHAAEEFTANA DT ELTAHWDERY, AR
mEEW, FneSt, PUHN, TIIF, PUAETIITOREY, BERY
WEIzZwLA, BETIVIS, SABHSASZ20BSELBBKIC, TONZH
LBEE] 22 BSBBLAE%SIELT, W300CTIRABEORALETH
BLT, STRICRTEIIC, NoHLMEERL 1 22BRIBERI—R11
ORUVEHI—F111DKREICETSA hOBERENA > FEL TRANZERE
MTHABSIETREBL202BRIBILICKD, 745 1002/BZL
MNTE3, FRBERICIERRBEEHDY, AXTERY —FXIUIVYN
RIEFTNIFINEDPRLEDB—DFATWTHLN, TNSIREDEBOREE
TIREBRVINA ST ELTHRRBLEDR, AEROBKTIIEA S b LFiER
W (N >F) LOESERBCTIAFEHAMELTEALLED, €45
A POHMKRENAFELTRAWDERYN, NohafEdkl 1 20RE (N
—HAESER]L 1 20BERERBEIORRELET GITRHK ) CREKCE
ETHEOORMBFEL THETZ, I5LTESNETANLFT100E, BK
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the filter of the invention can be installed with safety in the ceiling
portion of the clean roomalong with a particle filter. Furthernore, it is
preferable for the filter to be constituted only with materials which
generate no gaseous organic inpurities. In the filter as nentioned
above, the base filter FTNK98002/ SG

9/ 102 nedi o 98/3ps578f erably formed in a honeyconb shape, arRCTIRe¥WdEs a

nunber of tiny vent pores thereln and hydrophobic zeolite layer is firmy
fixed to the surface of

MBICTI BB ESERVL, 74 NIRBABINSBRITHEEMBIIEENTL
REEBEROREELZHAREHBAMPRS T THRE - RESNDILD,
TANFZ1O00HENSHAREBAMPERET I LEBRNL,
i, 74NF1000FOHEFEEHRATS, NSHLBERKL1 1 228
5 ET2ETRE, SIBROUESEELFAUTHEOTEETS. COREHFETRE,
NZHLEEERL 1 20REIC, ¥A51 ropkeEM L THELERV Y b
FEEBITHEI G 28 BETE. ¥FS51 MRREENTIRICIE, A
ZARERAYEZRETHHEEEFL, »OELFSI FOFAPHAABRIDDBKRE
REDHILEZET2EBMEYA A PRALTONA 2 FELTEA T MK
10 IKEALE, B4 51 bOREKRENRM T LULTHWREEYEZ, BREOKEE
EAEERDRESATREBTREA TS LMI RO L TERZRTIIIIR
D, BRNAEEERS, N FELTRAVIERYCERREFMBIFACER
RECHHALEMESELRAKRTH 5.
TSI, 745 1000OREHEEHRATS. NSHLEBEKL11 2%
15 BETHIETE, WROBEBEFELRALTHEOTEBTS. COHEHETY,
NZALKERL 1 20EER, 451 FORREREMONT VT LIRS
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t he honeyconb shaped base filter nedia (referred to as ' honeyconb
structure' hereinafter). In this case, this hydrophobic zeolite |ayer is
formed by i mrersing the honeyconb structure in a suspension in which

hydr ophobi ¢ zeolite powder is dispersed, and then drying it. Al so, the

hydr ophobi c zeolite layer may be firmy fixed to the surface of the
honeyconb st rWQWB3sBy neans of an adhesive. The honeyconb sSRGTAPPEK03S3;| s
preferably formed by using inconbustible mat eri al s such as i norgani c
fiber (indispensable component) including either clay mnerals or cal cium
silicate. Hydrophobic zeolite preferabléJhas an effective pore di ameter of
7 angst r oms—dy 1ndReEHRer therimdr@ ZHR BERKe il ERINSUNd b e of
only materials which gengrate nQ gaseous ogganic i urit%@g. Apcgéding
to the invénfG &# 3 ek & Ehidy Bikdew b ¥i2 L Wi’%%ﬁ'% RpBi-of® Bay _
which is fornmed firmy fixi eolite fo sorbi,ng _gasequs, '

i mpurities }?&%%%\#éé hﬁfﬁweﬁiﬁﬂ%ﬁ%& ‘§p7a ﬁ’%fﬂ&’@#ﬁ&ﬁﬁ%i@ﬁ%‘%& (i.
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filter media) by using inorganic substance as a binder. This inorganic
subst ance can adsorb gaseous organic inpurities and has an effective pore
di aneter | arger than that of zeolite. Al so, the invention provides a
filter in which there are provided the first adsorption |ayer which is
formed by firmy fixing zeolite for adsorbing gaseous organic inpurities
cont ai ned .i n W98 ng space to the surface of the suppor tRETIRPE0E3Bhe
hel p of an inorgani c substance as a binder, and the second adsorption |ayer
which is forned by firmy fixing an inorganic substance to the surface of
the first adsorption |ayer, the inorganic substance having ability to
adsorb gaseBBIEFAK E I Ab8rd tf FsR dntl -au &7 P deth F & PobEC & arel or U & ber
than that of zeolite. In this case, the inorganic substance used as a
bi nder in tEESHMBENS T I/AMO—LDEFSA TERFEFRORE LS5 BH -
TRLOFY L ERFTHIILRATETHS (RS, BHTRXOFY
VREOAZING AU I/APMO—LLD PR DRENNETHS) . ZDH
5 2OEWOERICANDTIANI1I00TE, ZOKIIZELFFA FTREET
EZHRVWBHTRYOFH A EER, EFS5AbONA U FELTRHVWSERNOD
BREEHATRERETSHI LA ERS,
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FTNK98002/ SG 10/ 102 of the

formation of the first absorption |ayer may have an effective pore di aneter
| arger than that of zeolite. Furthernore, the invention provides an
air filter in which zeolite for adsorbing gaseous organic inpurities
contained in the air of the working space is pelletized by using an

i norgani ¢ subwosBss7as a bi nder, and the resultant zeolite RETIIRIBNIPBc
firmy fixed to the surface of the supporter. In this case, the inorganic
substance used as a binder can adsorb gaseous organic inpurities and has an
effective pore dianeter |larger than that of zeolite. Still further

t he i nvent igany 3By dely @m 7ain of &t er
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in which zeolite for adsorbing gaseous organic inpurities contained in the
air of the working space is pelletized using an inorganic substance as a
"binder, and the resultant zeolite pellets are coated with an inorganic
.substance whi ch can adsorb gaseous organic inpurities and has an effective
pore dianeter larger than that of zeolite, and are firmy fixed to the
;surface of -t hav@oR3G7ISt er . In these filters as just nmenPCDIRIg0MEDVE,
if the filter according to the invention utilizes zeolite having an
effective pore dianmeter of 8 angstrons, the filter can adsorb gaseous
organic inmpurities such as DOP and DBP of which the nolecular size is |ess
t han 8 angsti &9 Bovder{ Auted D HoHBFIRE JyBsbou®E A anl cC P B ESs s uch
as BHT and sil oxane of which the nol ecul ar size of nore than 8 angstrons,
the filter | ghBEAFRPHARGFTD % R Basécud Iadybndet Snfur MK 2 lsuch.

However, such inpurities can be adsorbed by the filter accordin%%to t he

i nvention, bedadskiABE L t&f2 &ddit Fohad ﬂéﬁﬁ‘é&%iﬁﬁ)ﬂg@% 3 &titdace
NaVIng AN g mERROy— 212 2RKKELTIA NS 100" EMRT BT LI
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effective pore dianeter of nore than 8 angstrons. The above-nenti oned
"binder' can nmake not only the zeolite supporter bond, but also the
zeolite-zeolite bond. In the filter according to the invention,
its supporter can be formed into the honeyconb structure. In this case, it
I's preferable that inorganic fiber is used as an indi spensabl e conponent of
t he honeyconmbwsx98(3ss7sire as the FTNK98002/ SG PCT/IP98/00383

11/ 102 supporter. If the constituents of the filter, not only the
supporter but also an adsorbent such as zeolite, a binder

FO—ADAVARSRYD, IZ7OBMPAVILBONBEEROARIAE
MBEEEDDBREN, BAETCEY A FEEAD P, @RAFT U4
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for fixing the adsorbent to the supporter surface, etc., are selected from
proper inorgani c substances, there is no chance for the constituents of the
~filter to beconme a gaseous inpurity source. The shape of the supporter is
not limted to be of honeyconb structure. It may be of other shape, of
~which the cross sectionis inthe formof a grid or a wave, for instance.

“ Furthernore, WO#88¥pporter can be of 3- dinensional nesh st PGEIBISIIBLe a
rock wool including a great nunmber of air vent pores. In case of this

3-di nensi onal mesh structure, as wll be described |ater, zeolite as the
adsorbent can be firmly fixed not only to its surface but al so to the
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I nor gani ¢ bi nder. Furthernore, the invention provides an air filter
having a casing filled up with zeolite pellets, which are pelletized from
zeol ite capabl e of adsorbing gaseous organic inpurities contained in the
air of the working space by using the inorgani c substance as a bi nder which
has ability to adsorb gaseous organic inpurities and has an effective pore
di aneter |.ar WO 9833875t hat of zeolite. Still further, tBC/IPPRIAIA3| on
provides an air filter having a casing filled up with zeolite pellets,
which are pelletized fromzeolite capable of adsorbing gaseous organic
“inmpurities contained in the air of the morkingﬁ;gace by using the ;porganic

subst ance diBaifhd el Sr TR iR BUE 3180508 héR R BaE e 3 thdah B fiéddm .

substance having ability to adsorbﬁgaseous organi ¢ iqguritie and
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FTNK98002/ SG 12/ 102
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 gaseous organic inpurities such as DOP and DBP of which
the nol ecular size is less than 8 angstrons. However, when it cones to
gaseous or.ganWo98@paIsi ti es such as BHT and sil oxane of whi cPGIBISMNSESCul ar
size of nore than 8 angstrons, the filter mght fail to adsorb such |arger
gaseous organic inpurities. However, such inpurities can be adsorbed by the
filter according to the invention, because it additionally uses an
i nor gani ¢ sEEEABOS h2 iy Lan R e P& O WikEel & 6EBRT 5RICERT
ZEEY IR, BTLUBHARFBAMPEZRET 2N ZLEBLEILE
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o )RS, TIVIFVINOLIRERREERDBZOLOTH->THMH,
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nore than 8 angstrons. The shape and di nensi on of the casing and the anount
of adsorbent pellets to be charged therewith can be determ ned based on the
shape of air flow path, effective filtration area, and the installation
condition of the filter. This would give considerable flexibility to the
design of the filter. Zeolite used as an adsorbent is either

hydr ophobi.c owolsgdssaphi | i c. The npi sture anount adsorbed by REFEPHIAIBI c
zeolite is smaller than that adsorbed by hydrophilic zeolite, so that the
porous structure of hydrophobic zeolite is |less occupied with noisture than
that of hydrophilic zeolite. This means that hy dréghobic zeolite can nDre
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hydr ophobi ¢ zeolite. When the above zeolite has an effective pore

di aneter of 7 angstrom or nore and the inorganic substance adsorbing
gaseous organic inpurities has an effective pore dianeter |arger than that
of zeolite, it is preferable that a total volume of the pore distributing

in the range of 15 to 300 angstrons is nore than 0.2 cc per unit weight (Qg)
of the . FWa®B8eyz/ SG PCT/IP98/003531 02

i norgani ¢ substance, or that a specific surface of the pore of the
i norgani ¢ substance is nore than 100 nferr]/g. A main
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conponent of the inorganic substance which adsorbs gaseous organic
I mpurities and has an effective pore dianeter larger than that of zeolite,
is preferably either one of porous viscous <clay mneral, diatom earth,
~silica, alumna, mxture of silica and alum na, activated al um na,
alum num silicate and porous glass, or is mxture thereof. The porous
vi scous cl.ay WORSBHM75i s either one of hydrated magnesi um si |BGTAPESA0SEy
m neral such as sepiolite, palygorskite, etc., activated clay, acid clay,
activated bentonite, and a conplex of mcro-crystal of alumnosilicate and
m croscopic particles of silica,  or is mxture thereof. In‘any_evint, the
i nor gani ¢ tBsLAACCBREIZA 5 2 GBI &N D bi RdbBE 2 RiSokhs, gdsBetL orhhnt d
i mpurities and has an effective pore dianeter |arger than z ite,  Jills
various rol@, BICPiBtlafcd ‘frrﬂ'tﬁa]nlﬂcgl’ﬁ>yngﬁgﬁoﬂt)l’%glz%di &"é%g%%éﬂg?ﬁo%% he
surface of the s rt., Servi as . a hgsi | stin ent _when
el | ot 1 21 ngt A e T BB 2 D ot e A ea D Sradal & Thipet 117 ds
which have a gpl SQU At SEZC mmam 2 0 2 KHMBERE 25 L BHRELE2 1 4
5 ﬁ%EéhTm5,ﬁv—?>7215T&wehtﬁT%204tm,¥§¢
HE%EB2 140RANENETIEZEEI NN 21 6 REINTVWS., LY
CEB205CRBINAEEECY21 7T TRHEHS2BRENHREDOREE L
b, AOAMNKCHBEIETEEEZ—CIHEIELIIK, EHEEITN 216
DBKHEBRARAE2 1 SMFIWENB, £L T, 7Z77>2=Zv b2 1 08B EBT
10 2Z&ic&->T, BEKREENREINZNS, HHEE2 0 1 ARDOERE,
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HY—2T772AZy b213RADT74NF100BLBTA4NFT131DOW
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15 FHimABREINS, £, HHEEE2010KTE2 0 4WiTiE, WO ANS
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| arger than the effective pore dianeter, thus not being adsorbed by
zeolite. It is preferable that the above- nentioned filter is assenbled by
using only materials which neither generate any gaseous organic inpurities

nor burst into flane. The above-nenti oned inorgani ¢ substance may
I ncl udes an inorgani c adhesi on assisting agent, which includes at | east one
of sodium.si| WOHBB3578i | i ca, and al uni na. I n addition, PIEBI03 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

di spersed powder of zeolite and powder of an inqgrganic._s s%agce whi ch
absor bs ga%%ﬁﬁﬁr&ﬁﬁéuanaﬁﬂsyah OePrRet # VEShére Id I?arogér@ﬁ"uan
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PASA L E2EGAFEELDO74N58311as, ZOBE1DT74FHM311

EREATA FTRBETERVHAREEAIMYEZHRETHHO, HIRL

10 BREATAFNOEYHAILBIDBDAERAPDEAREE THEBEEFRZHEA
FFESHEEETSE2074NIE311bEHATVS, B17TH (b) KR
TESIE, ch5B1O074 05831 1atE2074)58311bzEEN
CBETALSICER, IAREEREDOREDDIRVT v REER Ay F >
339 EMICHKAT, 7537334 2RCIkDTEILRL>THEZERT

15 %, 2OLTEBEINET4NF 311 OLEHRMETHMIIE, BRLEVST S
FREADEFETS I3 20 NBRENTNS, BB, THHEL, 2074
JFE311a, 311bRVWTHS, 7JTyRMIER/IIVF33IZKENTH
BYMESETRVWEMOLTHEREN, PDOHARERWERELRVRHOST
BRREhThs,

20 18 i, cho®Bl, 2074073 11a, 311 boOHMEIASE
AR THB, BL, 207405 H311a, 311bRVWTHLECEZR
.'6‘53@&5}3117‘:74”/5' 11 LENFEEOERERLTNHWS, B, M1 8. ZRT &K
31, BETIEREI—F3300MI, MADRWEIRS—F3 11285,
NBLEEOKRBHMS 33RO TALSICTINIVABONARE335a, 3

25 35b, 335c, 335d, BLUTIF>¥320, 334zMAUTIEREE
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FTNK98002/ SG 14/ 102 | ayer on
the surface of the support. Furthernore, the invention provide a

met hod for manufacturing an air filter which includes the steps of:
i Mersing a supporter in a suspension in which there are di spersed powder
of zeolite and powder of an inorganic substance as a binder and then drying
it, therehy f®iO#88337he first adsorption |ayer on the surfadCTHPo%/1§as3
supporter; and inmmersing the supporter already having the first adsorption
| ayer, in a suspension in which there is dispersed an inorganic
subst ance which has ability to adsorb .
MB740VF311TE, NZHA#EHR3 3 20RELEL, B1OT740V5
H311aTRAREFTSAN, B20T74 058311 bTREERELTS
1 rOEPHILBLD B RERFDHAREETHERRBAN T TNES S
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TIW2FTI 250 0. 60
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ZEHT A 400 0.15
TEFSA b 295 0.33
BHEELT 300 0.37
BEEXBPF1E 87 0.23
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gaseous organic inpurities and an effective pore dianeter |arger than that
of zeolite and then drying it, thereby form ng the second adsorption |ayer
on the surface of the first adsorption |ayer. According to these
filter manufacturing nethods, the filter can be assenbl ed substantially
~only with conponent materials which neither generate any gaseous organic
~inpurities noWORSRETSinto flane. In these nethods, it is poRGTIPAEEt an
i norgani ¢ adhesi on assisting agent of the sol state may be mixed with the
- suspension which is used for formng the first adsorbing |ayer and the
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air circulation path is provided wth any one of air filter according to
the invention and a particle filter which renpves particulate inpurities
contained in the circulating air and is arrai gned on the downstream si de of
~the air filter. According to this clean room it becomes possible to renove
- gaseous and particulate inpurities contained in the circulating air wthout
- di sturbing thWo®88¥7®| | ed hunidity of the circulating air. SCATBBOMEE c| ean
room i ncl udes no FTNK98002/ SG

15/ 102

v ABONA335a, 335b, 335c, 335dORIBEMIIBNT, A
WIKENARETREBIN TV TH XN, B1IRTHE, NoHLHEERKS 3 2
atNB335a~dTELIDOT4NFHE3 11 aBREh, NZhLAREH
332b&AH335a~dTHE2074NFEH311bABEINS.
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activated charcoal which is inflamuable, the clean roomis excellent from
t he standpoi nt of disaster prevention. Accordingly, the filters of the
‘invention and particle filters can be installed with safety in the ceiling
.portion of the clean room Still further, according to the invention,
‘there is provided an air filter which includes the first filter portion

i ncl udi ng syntY¥B5%Beol ite as an adsorbent, and the second PEFIRBO03EH t i on
whi ch is disposed on the upstream or downstream side of the above first
filter portion so as to be adjacent thereto, the second filter portion

pur i 1 85 BB mas GG Ao bdh b & Ok arth b0 FLERI ol BTG &7 &
ool ite o R Pl Bk A LR iR S A el o
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di sturbing the controlled humdity of the circulating air. In this
filter, the first filter portion includes a supporter to the surface of
~which synthetic zeolite is firmy fixed, and the second filter portion also
i ncl udes a supporter to the surface of which an inorganic adsorbent is
firmy fixed. In this case, the supporter of the first filter portionis
i mrersing. i nWea3I8nsion in which synthetic zeolite is diMFOPHABIand
then dried, thereby synthetic zeolite being firmy fixed to the surface of
t he supporter, and the supporter of the second filter portion is inmmersing
In a suspension in which an inorgnic adsorbent is diqurscepq, and then
G o7

dried, theadBfRtAE L §anidi iSO Ve FLER® Vit m ¥ T ke thd ace
such that FBIFIBIE B ok hen g Bot PaDISINE S @ © SESEL & Fotaed Are2 Br iy
fixed to the RURRIRAEL S 2% 9 106 Rk Mkt 81 RO Hm B RS 3RAO"
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RV F2AVWETA NI BRUZOHESERRROLSIBHOOBHARTE
%5, Thbb, XUy FE2FOERBRMNOFREOEBFAEMABEIREIHEL
BEHEESEFALTREMTBIETE2L, 22HICARLAELIBERADT
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such t hat

pellets formed by pelletizing the powder of an inorganic adsorbent are
firmy fixed to the supporter surface of the second filter portion.
The supporter may be divided into two regions by an inmagi nary boundary

~plane intersecting the air flow passing through the supporter

at right
~angl es, and [0 9883875f or ned by pel |l etizing synthetic zeoIite1’@“’1‘“{?&«)@?%3
~thereof are firmy fixed to the surface of one of these two regions,
" thereby forming the first filter portion, and pellets fornmed by
| BELOMBTHY, BOATSKICHRT2H0ORBED AN, LERST,
TANF 311937 00BENT, FELLTHSEBARTRET ZERABFRO
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pelletizing the inorganic adsorbent or powder thereof are firmy fixed to
the surface of the remaining region, thereby formng the second filter
portion. When firmy fixing pellets forned by pelletizing synthetic
zeolite or powder thereof to the surface of the supporter and/or when
firmy fixing pellets formed by pelletizing an inorgani c adsorbent or
powder ther eowowsensise surface of the supporter, there PETIEWHOIZZN
adhesi on assi sting agent which consists of at |east one selected fromtalc,
- kaolin mneral, bentonite, sodiumsilicate, silica, and al um na. The

. inorgani c adsorbent as used in the second filter portion c n§%ft§k§§ q%
least one diifeatBdsREY & ADMA SPITD Bi | BAEY 2B e i xBlF & ARG o
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7 angstromor nore, and in the inorganic adsorbent of the second filter
portion, a total volunme of the pore distributing in the range of 15
to 300 angstronms is nore than 0.2cc per unit weight (g) of inorganic
adsorbent, or the specific surface of the pore of the inorganic adsorbent

Is nmore than 100 nferr]/g. The above-nenti oned supporter nmay be of
honeyconb str¥WQWE3857S In this case, the honeyconb strucRGEEPI8/60383 .
preferably fornmed of inorganic fiber as its indi spensable FTNK98002/ SG
17/ 102
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conponent . The first filter portion may be nade in the formof a
cylindrical casing which is filled with the synthetic zeolite pellets while
the second filter portion may be made in the formof a separate cylindrical
casing which is filled with in organic adsorbent pellets. Further, it is
preferable that said synthetic zeolite is hydrophobic. Brief Description of
the Drawings WO9BH¥7g. 1 is a schematic illustration for exfCHIRIYBhe
constitution of an air cleaning systemaccording to the first enbodi nent of
t he i nventi on; Fig. 2 is a schematic exploded view of a filter

relatedtothe i nventi on; rtial enlarged cross
sect i onal \@éwo?%@snﬂlﬁﬁﬁ%ﬂ%ﬁ]a%)V%Hdh%%e%ﬂéﬁq%(?@n ekl bl yF i
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show ng adsorption |ayers, which are fornmed by alternately stacking a
corrugated sheet having a triangle wave formand a thin plain sheet;

Fig. 5 a schematic illustration for explaining the constitution of another
cl ean room according to the first enbodi nent of the invention; Fig. 6
I's a schematic exploded view of a filter according to the second enbodi nent
of the inventW@Ras’33s7s Fig. 7 is an enlarged cross secti onBCTARISRI38} o .
filter on the surface of which an adsorption |ayer is forned, Fig. 8
is an enlarged cross sectional view of a filter to the surface of which

- pell ets are secured; I s an enl arged cross &tiig“%al vji ew_of an

Fig. 9
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FTNK98002/ SG 18/ 102 wei ght
ratio of silica/lalumna (Siderr]/Al[err]O[err]) and noi sture adsorption

gquantity per zeolite of 100g (25[err]C, relative hum-dity 50% : Fig.
12 is a graph showi ng noisture adsorption isotherns by hydrophobic
zeolite and activated charcoal at 25[err] G Fig. 13 is an expl oded

- view of a filwewsisstording to the other enbodi ment of the | RCEARISHOIS3
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Fig. 14 is an enlarged cross sectional view of afilter, on the surface of
which first and second adsorption |ayers are forned; Fig. 15 is an
enl arged cross sectional view of a conplex adsorption | ayer consisting of
first and second adsorption | ayers; Fig. 16 is a schematic
illustration for explaining the constitution of an air cleaning system
accordi ng to We®B8Bnd enbodi nent of the invention; FPOT/IFPDE/0038% a
perspective view of filter portions according to the third enbodi nent of

t he i nventi on; Fig. 17b is a perspective view of a filter finished by
assenbling the filter portions as shown in Fig. 17a; Fig. 18 is a
schematic e¥dldked view of first and second filter portions; Fig. 19
is an expl oded view of the other filter accordin% to the third enbodi nent
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to the other enbodinent of the invention; : Fig. 21 is a partia

enl arged cross sectional view of adsorption |ayers, which are forned by
alternately stacking a corrugated sheet having a round wave formand a thin
pl ai n sheet; Fig. 22 is a partial enlarged cross sectional view of
adsorption layers, which are forned by alternately stacking a corrugated
sheet havi.ng wosi3zsgl e wave formand a thin plain sheet; PCTUP§08383233 js

a cross sectional view taken on line A-A FTNK98002/ SG
19/ 102
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of Fig. 23b, showing a filter which is formed by filling a casing with
pellets; Fig. 23b is a cross sectional view taken on line B-B of the
Fig. 23a; Fig. 24 is a graph showi ng contact angle change on a silicon

waf er surface when exposing it to the air which is filtered by various
chemcal filters; Fig. 25 is a graph showing a rel ati on between the
nunmber of car BYN983BWs deposited on a gl ass substrate surfacRCHIRIS/HN3E
contact angle on the sane; Fig. 26 is a graph showi ng contact angle
change with the passage of tine when exposing a silicon wafer covered by a

silicon dioxide filmformed thereon to various ambiences for 3 days
i medi at el Y&k, r BBFBE D E TR SN2 s a graph showing noisture

adsorption 1 soLNeuno) BT Y § 1 S Bk R AW P E L E RS0 7 4 0
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Fig. 28 is a graph show ng the adsorption performance of various adsorbents
agai nst organi c contam nants causi ng surface contam nati on; Fig. 29 is
a graph showi ng change of relative hunmidity which is caused by a clean room
wi th a hydrophobic zeolite and a clean roomwi th a prior art chem cal
filter; Fig. 30 is an illustration for explaining

i nconveni ence W¥B&Sprior art hunidity control; Fi g. 3RCT/EP98(00383aph.
showi ng results of humdity control performed with the system shown in Fig.
30; . Fig. 32 is a graph showi ng contact angle change on a silicon

waf er surface when esgom ng it to the air filtered %‘P{various chemi cal

filters; 4 5 anf ehEdd delt Wl o ff BB Bola R s%‘&?ﬁ“@d@&%kon
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according to the invention B; Fig. 36 is an enlarged view of first
and second FTNK98002/ SG

20/ 102 adsorption |layers according to the invention C Fig. 37 is
an enlarged view of first and second adsorption |layers according to the

i nvention D Fig. 38 is an enlarged view of first and second
adsorption | ayewssssescording to the invention E; Fi g. ZGTPBI8W03§E aph

showi ng contact angle change with the passage of tinme when exposing a
silicon wafer having an
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oxide filmfornmed thereon to various anbiences for 3 days i mediately after
rinsing it; Fig. 40 1is a graph showing noisture adsorption
i sot herm of hydrophilic zeolite and activated charcoal; Fig. 41 is a
schemati c perspective view of a storage conpartnent constructed or
installed in a clean room on the ceiling of which a filter according to
t he i nventi onwio®sid3sds al | ed; Fig. 42 is a graph showi ndCTHBs038act of
a filter according to the invention; and Fig. 43 is a schematic
perspective view of a storage conpartnment constructed or installed in a
clean room in which a filter according to the invention is provided at the:
i nt ake openitoy/¥ ook Wi E RSB &%, Mot §2 PUEME I b Zehe
| nvention Preferred enbodi ments of the invention w/l w |
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constitution of a clean room 1 according to the first enbodi nent of the

I nvention. Here, as noted in the above, the term'clean room may be
replaced by a term' clean bench' or others having a simlar function,

wi thout altering the effect and scope of the invention. The clean room1

i ncl udes a working space 2 in which precise and delicate products such as
LSI' s and. LCWO /3335 be processed, a ceiling portion (suppPGT/Jros#e0ass) 3.
and an under-floor portion (return plenunm 4 both of which define the
uppernost and | ower nost portions of the space 2 respectively, and a return
path 5 | ocated on the side of the working space 2. FTNK98002/ SG

21/ 102 FMHICiE, 41 >FOopBIYaCTNEBRAWE, BFBOUINET 2 )
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On the ceiling portion 3 is arranged a clean fan unit 13 which is provided
wth a fan unit 10, a filter 11 of good vent, and a particle filter

12. A sem conductor nmanufacturing apparatus 14 is |located in the working
space 2 and acts as a kind of a heat source. The under-floor portion 4 is
partitioned off with grated panels 15 having a nunber of holes or

per f orati ans. wWR9¥8sd#ensati on coil of the non-dew type 16 i sPEEIPBILE3 i n t he
under-floor portion 4 in order to deal with the sensible heat |oad of the
sem conduct or manufacturing apparatus 14. The non-dew type condensati on
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hum dity in the return path are kept at respective preset constant |evels,
W t hout causing any dew on the surface of the condensation coil 16.

Wth operation of the fan unit 10 in the clean fan unit 13, the air in the
clean room 1 begins to circulate at a predetermned air flowrate in the
order of ceiling portion 3 - working space 2 - under-floor portion 4 -
return pat.-h 5WOBBBIBng portion 3. During this air circul at iRGT/IPERMH3BII r | S
" cool ed through the non-dew type condensation coil 16, and gaseous organic
impurities and particulate inpurities contained in the circulating air are
renoved by the filter 11 and particle filter 12 of the clean fan unit 13
respectively, tﬁéﬁeby the clean air wth a suitably controlled

t enperat ure contTooTs e tro—the RT Ty Jspace 2- The
filter 11 ircljildélgﬁn irzgﬁﬁb #%&g%?’? OI %@/r W?s %mgbﬂi‘&w _
subst ances qod#iidda in A Ciy & &t fEF L 4 s hi's | tery 5
constituted| Wyt 7405 DH

DOP 98% 95% 98% 99% 95% 98%

| Q (+] I:J\_t 0 (]

DBP 98% 95% 98% i;ﬂf; 956% 98%

BHT 85% 30% 60% | 85% 30% 6 0%

Db 290% 356% 65% | 90% 35% 6 5%
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materials which neither generate gaseous organic inpurities nor are

I nf |l ammabl e. FTNK98002/ SG

22/ 102 The particle filter 12 is disposed downstream fromthe
filter 11 and renoves particulate inpurities. This filter 12 is also
constituted wth materials which do not generate any gaseous organic

I mpurities. WO9B¥Y® outdoor air is suitably supplied to tHRCIRISHN0383f | oor
portion 4 through an outdoor air intake path 20. In this outdoor air intake
path 20, there are provided a filter
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21 whi ch includes hydrophobic zeolite for renpbving gaseous organic

I mpurities contained in the outdoor air, and a unit type air conditioner 22
which is disposed upstreamfromthe filter 21, and perforns renoval of
dusts in the outdoor air and controls the tenperature and hum dity of the
outdoor air. A humdity sensor 27 is set up in the outdoor air intake path
20. A val ve 29VO#B3HFBgul ating a water supply pressure in t hePCLFRISNSE
.control portion of the unit type air conditioner 22 is controlled such that
the humdity detected by the sensor 27 is kept at a preset value. On one
hand, in the morkinghfpace 2, there is provided another hum dity sensor 28
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vol ume exhausted therefromis 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 filter 11. As shown, the filter

11 has a honeyconb structure 32 which is forned by stacking a plurality of

corrugat ed- sh™Q983¥78nd thin flat sheet 31 in an alternate fREIAIPSF00383

Hydr ophobic zeolite is firmy fixed to the entire surface of this honeyconb

structure 32. In this case hydrophoblc zeolite preferably has an effective

pore di aneter of nore FTNK98002/ SG
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angstronms. As shown in the figure, the filter 11 is assenbl ed such that the
honeyconb structure 32 with hydrophobic zeolite is contained inside a box

| i ke open frane which is defined by external frame nenbers 35a, 35b, 35c,
35d, and of which two sides as indicated by arrows 33 are kept open so as
to allowthe air to flow therethrough. These frane nenbers are nade of

al um num _Thewoesss7sshape and di nension of the filter 11 mayCHERPBBI rarily
designed to neet the space avail able for acconmodating it. Now, a
brief explanation will be made about an exenplary nmethod for manufacturing
the filter 11. Inorganic fibers (ceramc fibers, glass fibers, silica
fibers, algncmal¥theEHRO Bg#TTodaterial (nmixture of pulp and fused
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of 0. 3mmis made of this m xture by neans of a wet type paper making
machine. In the above m xture, calciumsilicate nmay be replaced by clay

m neral such as sepiolite including magnesiumsilicate as a main conponent,
attapulgite, etc. This sheet is processed by a corrugati ng machi ne and
transfornmed into a corrugated sheet. The corrugated sheet 30 and the thin
flat sheet 31Wp®8s/AITernately stacked up and mutual |y fixed BETAPSOPIIIb| e
adhesive, thereby form ng the honeyconb structure 32 shown in Fig. 2. This
honeyconb structure 32 then is treated by heat for one hour using electric
furnace kept at 400[err]C. Wth this heat treatnment, all the organic

conponent s 4 & & énbved @iiisk trid A Fel %h@é’bﬁtﬁﬁﬁu@@@iﬁ‘f{%’éé f 14 PeF .
N T TR U R e
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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

i mpurities which m ght have been FTNK98002/ SG

24/ 102 i ncluded or deposited on the filter constituents can be

t horoughly driven out during the heat treatnent as nentioned above.

Ther ef ore,. t hINQ98/3857h0 possibility that the filter itself nERCTAPIS/ENI83a
gaseous organic inpurity source. I n the next, another nethod for
manuf acturi ng the '
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filter 11 will be explained in the followng. Up to the formation of the
honeyconb structure 32, all the nmanufacturing steps are identical to

t hose which are described in the above. In the above exanpl e,

t he porous

honeyconb structure is inpregnated with hydrophobic zeolite powder with a
grain size of several mcrons. In this exanple, granular hydrophobic
zeolite is fi V@[5B he surface of the honeyconb structure 3PCHIPBA38Y a
proper adhesive. Fig. 3 is an enlarged cross sectional view of the

filtering nedia used for the filter 11 in the current exanple.

The granul ar

hydr ophobi c zeolite 36 is fixed to the surface of corr;gat ed sheet 30 and

thin flat sHeetB1ikETdRidg ZREBRE EIRERRE B &0

BB RVbHINF BSDer
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filter 11. The air to be cl eaned passes through the space 37 having an
approxi mately sem circul ar cross section as shown in Fig. 3. The filter 11
may be al so fornmed by using a honeyconb structure 32 which is formed in

- conbi nation of corrugated sheet 38 like a triangle wave formand thin flat
sheet 36 as shown in Fig. 4, and fixing the granul ar hydrophobic zeolite to
the entire suwbamssst t he honeyconb structure 32 by i nconbuR€TR%RMBFhesi ve.
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 ncl udes nothing inflammable as its constituents. Accordingly,
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FTNK98002/ SG 25/ 102 safety in

vi ew of disaster prevention can be remarkably enhanced conparing to the
case of using the prior art chemcal filter relying on the inflamuable
activated charcoal. In addition, in the clean room1 shown in Fig. 1, if
the filter 21 for filtering the introduced outdoor air has the sane
constitution woesBsss?¥ilter 11 for filtering the circul ated ZFT/IPBAPIBy from
the standpoint of disaster prevention can be still further enhanced

conparing to the case of providing the prior art chemcal filter relying on
the inflamuabl e activated charcoal at the outdoor air int
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10 mi/min&lZz. COBMDANBICRA-AEKENKEDOG6 0 01 5HEH
xns, REESAONERIELI 2m THD, 1HHMSELDOBRKERIELO
OBETh-o7.

ERHBORED, B4 1HOREES 9 1IIBVWT, 8REF 51 beEXL
E1O074NFH8311aDs2ERL, BEEBALIEHALBE2O0T74L583 1

15 1bEBMOALEBAEICOVTSD, BEBLEBLRMAZS VI TINERE3
ARAEL CTEMAZHEL, COEMARNEL15ATLICRVELE. &5
iz, ARBIIHILBDEIOT4NIE3I 1 1alFE20T70FH311bz—
PBRTHRWES, b7 Y- N—ALTHICETNhDIHAREBRAMEMPEGRE
SNFRATHEAICZTOEERATZHAIOVTHAROREET-> 1.

20 i, KBEEBOBILEMAES YA INERTOEMARI® ThoL. 3
AR NBEGZEI VI TINETOEMANGE6 UTIIAZNLTNS
:aﬁﬁxﬁﬁ%KM%ﬁ%K&é?NfX@&ﬁﬁT&%iT%tb@ﬁ%ﬁ
BERICROOSNBBBERHTHE ERET 5.

4o RicHEBRERT, REES 0172, ARHCHS T NH311%

1/ HABEE, B1OTA4NIR3I 11 a0s2HALBEE, HARFERHM
Wiz L TBAEMEEZBLAVEAD, 3DOBAICONT, REESI IR

62



filter, generally enploy a base filter nmedia containing a binder which

I ncl udes sone vol atile organic conponents. Therefore, generation of gaseous
organic inmpurities is inevitable if they are used as they are. Accordingly,
as to the particle filter 12, it is nost preferable to enploy that which
uses the base filter nedia including no binder. If the base filter nedia

i ncl udi ng -a bMBAB3§78 only available, it is preferable to trREVIPPFOBEE heat
to drive out volatile organic substance before use of it as the base filter
media for the particle filter. Al so, as to the sealing nenber for fixing
the base filter nmedia to the filter franme, the sane attention is to be paid

in sel ecti AHARIERSE NTpBULIEF E |'Jsjlﬂﬁbﬁt/éﬁﬁ@%@ﬁ@%ﬁﬂﬂ AL -

i ncl udi ng no voI%tlle organi ¢ substances or to make an air-tight pressure
contact betWéeX BRe filter nedia and the filter frame by nmeans of a
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invention. In this clean room1, 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 entirely cover it but to cover it in part.
In this exanple, the nunber of filters as installed is reduced to a half of
FTNK98002/ SG 26/ 102 t hose which
are used i-n t RROWBBHA room 1l as shown in Fig. 1. Except the RCEAP2§/003§3
filters, there is no difference between both clean roonms 1 and 1' shown in
Figs. 1 and 5. :
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Therefore, like parts thereof are designated with the |ike reference

nuneral s, and detail ed description thereabout will not be repeated. A

source of contam nants contam nating the substrate surface of LSI, LCD,

etc. can exists even in the clean roomin which they are manufactured.

Because the clean room can not help being constituted with materials

i ncl udi ng sucwo®eeBasasi nant s and usi ng things contai ni ng t he PERIRA8/00383

general , high-nol ecul ar organi ¢ conpounds having a high boiling point are

considered to act as a source of hazardous organic contam nants, for

I nstance organi c sil oxane generated from sone seal ants, phosphoric ester

froma flanB rREESHEI SO oeth R 30bEk i RUrnG @i R Q Ephyiall#e from

~a plasticizer contained in sone building materials, HVDS from an _agent

Faci 11t ati ng & oBe> BMds o 131 GBIDNGR 5t SRS 2 4Bir O P orPaBaht | BH dantD
contained in cassettes. These contam nants are_ |ess inclugded in thS:
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renove such hi gh-nol ecul ar organi ¢ conpounds fromthe air circulating
t hrough the clean room thereby reducing the concentration of such organic
conmpounds. The concentration of the organic substance in the clean room
shows its maxi mum val ue imedi ately after starting the operation of the
cl ean room However, it gradually goes down with the passage of tine, due
to renoval. of WON83¥BFHani c substance fromthe circul ati ng ai PCTAPA30pIsAhal | vy
it is stabilized at aval uewhen renoval and generating of the organic
 substance is balanced. The quantity of organic substances renoved during
one cycle of the air circulation in the clean room1 of Fig. 5is a half
of that whiX2h irs/\rie bR ZbiK @ MKk &l 2 Joit 1 D= FioHHE 4.5 D& Bel worflsk as
a matter of course, the clean room 1' of Héﬁ 5 takes a considerqbg¥ | onger
time befor dbZRBchidAg PR ILFIKE BH S0 R EWE B PesFEE LoTh e S Eht =
bst -
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FTNK98002/ SG 27/ 102
concentration than the clean room1l of Fig. 1. Furthernore, the equilibrium
concentration the clean room 1 can reach finally, becomes higher than that
whi ch the clean room 1 can do. Accordingly, conparing to the clean rooml1
of Fig. 1, the clean room1" of Fig. 5 includes such a di sadvant ageous
feature that MO%B3YWE a | onger tine for reduci ng the organi PCHIBE/WE3e
concentration and that the concentration it can realize is higher than that
whi ch the apparatus 1 can do. However, considering the initial installation
cost of the filter 11 and al so mai ntenance cost for inevitable Eerlodlcal
repl acementc of gtthd BIé WAL, ntlgHEB B SOt Ky 65 0 BITEMLL TS, R EFH
MEBOMMIO0. 02cc/ gkRBET, BEROBEOEMBDO2 7%ITBE
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t aki ng account of such arrangenent as the clean room 1" fromthe standpoint
of manufacturing cost reduction. A filter 100 according to the second
enbodi ment of the invention will now be described with reference to Fig. 6.
This filter 100 has a structure simlar to that which is showmn in Fig. 2,
except that in this filter 100, zeolite powder is fixed to the entire
surface of a WOAESHD structure 112 with the hel p of an i nBFHIPASE03S nder
of which the effective pore dianmeter is larger than that of the zeolite
powder. The filter 100 is fornmed by alternately stacking up a plurality of
corrugated sheet 110 and thin flat sheet 111 inside_the space de

fined b
frame nenbér ¥ A8, S 1507 AAGY, 7 Dl R T 5 &0V 4 /Y E AT B We’ﬁﬁ?éfglﬁvt iyn
parallel with the air flo 13, _al]l the surfaces. of corrygated s and
" thin flat &&%Mﬁ$§éw%éﬁM%ﬁ?ﬁ%ﬁ@ﬁ%&%fm%ﬁ%ﬁﬁ&gﬁh t he
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of the filter 100. An exanpl e of the nmethod of manufacturing the
filter 100 will be now explained in the follow ng. The honeyconb structure
is formed in the same way as previously described in the above. Renoval of
organi ¢ conponents fromthe honeyconb structure | eaves a nunber of pores

with a size of microns on the surface of the honeyconb structure, thereby
FTNK98002/.SG WO 98/33575 28/ 10 2PCTIPI¥Ng3830r ous

honeyconb structure being realized. These pore
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S are f|| t he adsorbent and binder in the |ater process. In the
next, thi HM I’ﬂ structure 112 is imersed for a several mnutes
in a suspensi ﬂuﬁdrophoblc zeolite powder and an inorganic
substance as a bi nder ‘aré di spersed, the inorganic substance being capable
of adsorbi ng gaseous organic inpurities and having an effective pore

di aneter larg®BOBRMSt hat of zeolite, for instance clay m RETHPI803Bat om
earth, silica, alumna, mxture of silica and alum na, alum numsilicate,
activated alum na, porous glass, etc. After this treatnent, the honeyconb
structure 112 is further treated by heat at 300[err]C for about one hour.
Wth this heat treatnent, zeolite povildleRD&EHirnmy fixed to the entire
surface of the honeyconb structure 112 using the inorganic substance
(binder), and adsorption layers as shown in Fig. 7 are formed. In this way,
the filter 100 is finished. The above suspension may include at |east
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subst an _ e inorganic sol binder in the previous exanple.
t he curﬁmnﬂﬂumwllmulgver they are used as the adhesi on assisting agent
for strergt hentng" adhesi on between zeolite powder and the above inorganic

subst ance

zeolite powder and the above inorganic substance (binder) is fixed to the
t N\WOIRBYTonb structure 112 (including the insi d®CTIPISHBISI of
cells as elenents of the honeyconb structure 112).

surface of.

this way i

(binder), and also for reinforcing binding force with which

ncl udes not hing inflamuabl e, and gaseous organic inpurity

conmponents included in the constituents of the filter 11 are conpletely
driven out b bz HEFE srRd hdhildreal fent SThar Bror@ER e’ Rilter 100
can not be a gaseous organic inpurity source by itself. Anot her

ST Rt B #iL BeP 100U+ | be described in the foll ow ng.
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13. MRETSA FNOEPELENT A FANO—LUETHD, MO
BAZREERAWEZRHTHEEEEL, HEL T FOEFPAILEL D b
EREVELEEE T HNRERNICBNT, 15~300427ZAhO—AD
MBI S BT ELORERNBERPERLAD0.2cc/ gl ETHEM,
- EBHERYOMALOLERERNL 0 0m?,/ gl LTHB - EERMETS
ERO&GMG6, 7, 8, 9, 11XB120WThhritiEEDO T4 NT.

14. HRAARGEAMEWZRETIHEEEL, BEA 1 FOAHEA
BEDOREREPRILEL AT HNRERDOERANSILAERLEN, 1
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FTNK98002/ SG _ 29/ 102 i denti cal
trer oono MM MHEIBHERILE =i <" e hoa' s charact ori zenti n' that ot bnoiar
zeolite péll&ts"whl cH are pelletized fromthe zeolite powder are fixed to
the surface of the honeyconb structure 112 by using a proper _adhesive. Wen
form ng zeol iWe9Tet s using the zeolite powder, this powdEFTIEEMRIG with
an inorgani c substance which can adsorb gaseous organic inpurities,
has an effective pore dianeter |larger than that of zeolite, and has the
function a3 2 el A0 AV IO SN LS RYSD LA e nz=v s 8
BETNIF, SAEATAOVTAABLIBETNOORENTH S I LER/I
EEBEROMWHEG, 7, 8, 9, 11XR120WTHNICERDOT VT,
15. BRSEFLEMIEYD, VURVREEOSKERT /X VLARMLIE
5 4, ENBEL, BEAL, BERCRFIAL, TAIBREREOMBRELY
Uﬁﬁﬁ%@@%%@mfﬂ#%b<m%héwﬁéwfﬁéltéﬁﬁ&?é
HEROGEE L 4REBOTL NS,
16. HMTESYNERRESANAZEDILERRETIHEROGHAS,
7, 8, 9, 11XiF120o0WTFhhicRBEDOT7 415,
0 17. HMEERREESBANREYV-F, DUARBTNIFOIELD
—oREDTEERHBETHIEROHMAL 6 ITEBOT 4 NVT.
18. XH4z, BEKTOHARFBIAVERETELDDOEFSM MO
Bke, HAREHBAMMERE T HEBLEEL, HOHEL 51 bOFMA
BLOBKERADHAEEZETAINA LY ELTORBIOBRESHMIEE
15 BEERCSBEIUARCERTAILT, MEXHAORBIRERBEERT D
TLEEBMETE TNV ORETE,
19. H#Hhz, SEHIATOIAREBRTHMPERETZLOOELFTA IO
MERENA T ELTOEBNOBRESRSELBBRICERT ELRICER
FBC LT, MBXBEOEZEICE1OREREBRL, EIZ, JARFHFM
20 WEBETLIHEERAEL, POBETSA FOAPHEABRID bR ESBRAMMELL
EEETAEEHOBRES R CARBECSBICLRICHRTEIET,
MRS LOREBOERFECE2OREBERRT I LEFBLTZITIANID
BlisH . '
20. EBENAGINFZKEZERICTIBELEALERERBIBNT, &
95 WELOEEMLXKIC, HROEE6, 7, 8, 9, 1 1XF120WTHNiTRE
BOTANIE, ZTANIOTFTRUCEE N TFRAMDERET SRTR
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When suit ter and inorgani c adhesion assisting agent are
added to mﬂmmwmwﬂ"ﬂﬁ there can be obtained a viscous and plastic
product |ike a claw Wsl CR i s convenient for pelletization. The inorganic
substance used as the binder and the inorgani c adhesi on assisting agent may
be the sane as used in the above-nentioned manufacturing nethod.

Still another WRBABISf or manufacturing the filter 100 will| DRCT®E%0383ed i n
the following. Up to the formation of the honeyconb structure 112, all the
manuf acturing steps are identical to those which are described in the
above. Thus, the repetitive explanation thereabout will be omtted. This

met hod is asoAohdl &by itzed- Ariiiliat Sop it & zeol ite pellets which are
e e L T S 3 R A P A
Lsed 2 a DHBBEHHI T 2 RERAES ERRT 5 8z a U RO f2eR 2"
154h@ﬁﬁﬁﬂﬁib%k%ﬁﬁﬁ%ﬂﬁ%ﬁ?é%%&%ﬂ&ﬁktﬁﬁ
5 MERIBBW2OT7A4NIHMEMBLEILZHBELTDIT ANV
22. HRBLOTZANIRYE, ZREOEXBIERELFSA FZEARXERE
BRTHD, SiKE20T7 I FEY, XRFEOXRAICHCESREN 2ERS
BB THEILE2RBETIFEROERE2 1 IKEROT7 L NF,
23. HEBLIDT74NFEE, FRERELSA M EoBEEZBEKIIX
10 HAEZ2SBRIEERICEBIDICELETEBERACEREL S FEEBEETEE
BRTHD, MIEFE2OT7 VIR, MLESERENZIRIELREBRICIX
BFEZEBIVARCEBR TS L TXRERACEREFAZBEE S B-HR
THDIELERHBMEITIHROAEHE2 2ICRHKDO T4 IV,
24. WREB1OT4IINFEE, EREFT A MOBRTERLERL Y &
15 XWEICEFESELBRTHD, RS20 7 4 VIR, MREETEAOR
KTHERLERL Yy FZ2XRHEICEBE IR THDI L EHMETIHERD
2 2ICKEBDOT7ANT,
25. BEIEZEITLIXHHZ, KXFEOERTRERETIHERELZELC
LT2O0@BICHEIL, —FOBEBIZBWTXHEORAICERELST D
20 LKEEREFSZAIFOMRKTHERLERVY FZ2BEFEIETELOT7 4 I
ZERL, hFOEBICBNWTXFRFEOXRAESETEAN D LREHRERO
BARTERLERLVY FEEBFERTE207 4N IBEERLEZEE2HRE
THHROWE2 2 LEROT 4 Y,
26. RMEXFEOEAICEEREASAIIFPBLKBERELSTT FOBKRTE
25 RULEAVLy hZEFESEDICIRL, KU/ XE, MEXREORTICERTE
FH U< REBRFHNOBRTHRLERL Yy FEEFSRBTBL, FL7,

13



capabl e of adsor ous organic inpurities and to have an effective
pore di a!rm\mml ‘@ |\g that of zeolite'. The very difference exists in
the stru et surface. Nanely, the pellet is coated with the
i norgani ¢ *su stance capabl e of adsorbing gaseous organic inpurities and

having an effective pore diameter larger than that of zeolite. Fig.
is an enl ar goMO88/398% sectional view of a filter FTNKOBEGH 989383
30/ 102

AAY SEM, RORFA, BRY—F, SUFRETINIFOSEIED]

EONORAEERBHEEATI LM ETIEROEA2 3T 2400

ThhiCREDT 4 IVF,

27. HMEE2074NVIBOEHERBENS, >k, 2UH, TIVIF,
5 JUNETNITOREY, BRYINIZUL, BTN, SABAIXR,

R REEOSKERT Y XY AR LEY, BEat, BEXCRFTE

OHREL1BMASRBIEEHRETIEROBE21, 22, 23, 24

XiF2500WTFhhicEBDOTAINS,

28. MBAREFTA FOEPRABNT A FA+O—LULTHD, »
10 DOHMRBE2074NVIBOEBEERICBNVT, 15~300F>72Ab0—A

DHEEICHHTHAILOREMNERLZD0. 2cc/ gUhETHBH, X

BERRESOMILOLEEMNL00m? /gLl b THB L2 BBETHH

SROBE 21, 22, 23, 24XB2500THNICERBEDT 45,

29. MEXHEN NSHABEATHZZLEBHMETIHROBE2 1,
15 22, 23, 24X 2500WTNMIREDTLINS.,

30. MESREATAIDORLy hEF— > /HCHEELTHRESELOT

(NI BEBRL, MEEEEEAORL Y N RO — > YRICTEEL TH

RE207 4N IBEHR L L2 ETIHEROEHE2 1LiTRBOT 1))

5

74



100, in which the pellets 121 pelletized from zeolite powler according to
t he above-nenti oned nethod are fixed, by neans of a flanme retardant
adhesive, to the entire surfaces of the corrugated sheet 110 and the thin
flat sheet 111 which formthe honeyconb structure 112. This flane retardant
adhesive is preferably a heat-resistive adhesive selected froma pol yi mde
or pol yam d&n¥8@3857%§r oup. The air to be cl eaned passes t hr oREEVPOHWIBpace 117
havi ng an approximately sem circul ar cross section. Then, the honeyconb
structure 1%% ngp pellets fixed to the surface thereof is treated by heat
n

for 2 hours el ectric furnace kept at spch E tenperature as 100[err]C
which is | ower than the all owabl e naxinun1teg%er turejof the adhesive,

t hereby t horoughly driving out gaseous organic i npgLy—ganponents
contained in the adhesive. The filter 100 is finished injthis way. As
mentioned in the above, since the filter 100 inclu hf ng i nfl ammabl e

as its constituents, if it is installed in thg ceillng pdriion of the clean
room safety TN

N
38
M
l\
3 N
2
: ™
L
= ;o
—]—a :
' 1
i@ . I
%
& (5] 0o | E;
- & ' L~ <3
% © S TS:
atsoll ™ TN
*-t!@ ! :
‘i,[:@ | — |
H S 0
A= —1
o) ‘ A
7N )
"o o ;-'ﬁ'
1 -
NI 2 AN B
N 8 I 2 =
DB R >
=9

-3
S~
W
w



fromthe standpoint of disaster prevention can be remarkably enhanced
conparing to the case of using the prior art chemcal filter relying on the
i nfl anmabl e activated charcoal. The cross sectional shape of the individual
air path formed in the honeyconb structure is not linmted to the

sem circul ar shape. It may be designed to have an arbitrary shape.

There is.a pyes¥ TS ty that vari ous gaseous organi c i npuri PCHIPIRN8He
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 bench, a clean chanber, various storage
conpartnents f gHg[ing products requiring cleanliness, and ot her devices
| ocal |y securi%% ean space called as a mni-environnent. However, it is
general ly considered that nobst of gaseous organic inpurities acting as
contam nants to the substrate of LSI, LCD, etc. m ght be high-nol ecul ar
organi ¢ conpounds having a Hiigh boiling :

\

35d
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FTNK98002/ SG 31/ 102 poi nt, for
I nstance organi ¢ siloxane generated from sone sealants used in the clean
room phosphoric ester froma flane retardant contained in sone building
materials, phthalate froma plasticizer contained in sone building
materials, HVDS froman agent facilitating cl ose adhesion of the

phot or esi st , WBPH337om a anti oxi dant cont ai ned i n cassett es PCE/@Py8i00383
especially synthetic zeolite called as a nol ecular sieve has a uniform
effective pore diameter, but it can not adsorb gaseous nol ecul es | arger

t han t hat

3R
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effective pore dianmeter. For instance, zeolite having an effective pore

di aneter of 8 angstrons can adsorb DOP and DBP of which the nol ecul ar size
is smaller than 8 angstrons while it can not adsorb BHT and sil oxane of

whi ch the nol ecular size is larger than 8 angstrons. However, the filter
100 according to the second enbodi nent of the invention can adsorb BHT and
si | oxane- whiW09%8338™not adsorbed by zeolite, utilizing the ROTIPPLIIBN
function of the inorganic substance m xed with zeolite as a binder.

Zeolite cr S%ﬁ do not forma | unp-shape by thensel ves, they need the help
of a bind they are pelletized and fixed to the surface of the
honeyconb structure 112 in the formof a Iayzg. So far, a clay mneral such
as talc, kaolin mneral, bentonite; etc. hav d as such a binder
The total volume per unit weight (g) of these conventilonal. bi nders of which
the pore dianeters distribute in the range of 15 tHrough 510 angstroms, is

0. 07 cc/g, 0. 06 cc/g, and 0. 03 cc/g, respecti nd the
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specific surface per unit weight of the same is no nore than 28 nferr]/g,
21merr]/g, and 23 nferr]/g, respectively. Because of havi ng regarded
the air or gas perneability of these binders inportant so far, these

bi nders have been applied to the base filter nedia such that they keep a
vent aperture of 500 angstrons or nore between binder particles adjacent to
each ot her WO%88¥Ben the zeolite particle and the bi nder RCI/IPP800383 | n

ot her words, vent apertures created by the application of the conventional
bi nder are macro- FTNK98002/ SG '

32/ 102

B
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apertures, which mght give an excellent gas perneability but give |ess
physi cal adsorption. The particle surface of talc, kaolin mneral, and
bent onite havi ng been used as a binder so far, includes not so many pore s
facilitating the physical adsorption of the gaseous organic inpurities.
Application of the conventional binder like this is based on the way of

t hi nki ng.t havo 9833515 nder should fill the rol e of mechani cabCTIr®e/00383 NQ .
zeolite powder on the supporter (i.e. base filter nedia), and that the
anount of zeolite powder supported by the supporter is to be preferably
made as | arge as possible while the ratio of the binder to the zeolite
powder is to be preferably nmade as small as possible. In other words, the
conventional binder is just requested to support the zeolite powder on the
supporter surf%? %@g al so to provide excellent vent for introducing the
object gas to De r ved to the surface of the zeolite pomder affi xed on -’
the supporter surface. Consequently, the binder

6739



has been | ess required to have adsorption ability. In contrast with
this, in case of the binder enployed in the filter 100 according to the

i nvention, although it may formsinmilar vent apertures to that which the
conventional binder forns between binder particles adjacent to each other
or between the zeolite particle and the binder particle, the binder
particl es uswa@83s5The i nvention include fine pore s facili periregose
physi cal adsorption on their own surfaces, for instance pore s having a
di aneter of |ess than 20 angstrons, and nmeso-pores having a di aneter

bet ween 20 and 500 angstrons. Therefore, the surface of the binder itself
makes it possible to adsorb BHT and sil oxane which can not be adsorbed by
zeolite. Furthernore, since the excellent gas perneability is stil
secured, the objective gas can easily reach the powder surface of the
zeolite. Consgg@epgly, the selective adsorption characteristic of the
zeolite powder can be nmintained as usual, i. e. not adsorbing nol ecul es
| arger than its effective pore dianeter

112
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but excellently adsorbing those which are smaller than its

FTNK98002/ SG 33/ 102 effective
pore dianmeter. It can be said that the power of physically adsorbing
gaseous nolecules is lined up in the order of pore , neso-pore, and
macr o- pore, and that the macro-pore al nost does nothing as to the physical
adsor ption. WQ¥3385i s an enl arged cross sectional view of RET/REBWAt | on

| ayer which is forned by fixing the zeolite powder on the surface of the
supporter with the help of the inorganic

=9
M
- H Ph
3 )
£ &
~ £
N Y
® X
M kS
g -
=
& =
- 3
o
e
" K ) wl
B - > 3 o TING
B . NEREY
2 A4 R %
: N @D (NI
L TN $ L
- ol y g
- p . <. N
% IR
!g y - ,'.':'.°'§ -
Qoo EE
NGE -;f%zﬁ
- - ..\ '
: NN
: N
~ 3 . k

BT E

8/39



binder in the formofaparticle. Theobject gas tobe renoved enters fromthe
surface of the adsorption |ayer (contact surface with the objective gas),
further enters inside the adsorption |ayer creeping in the vent apertures
created between zeolite particles and binder particles, and then flows out
fromthe adsorption layer. In this way, the objective gas will repeatedly

i npi nges on wio®swIsaHpi ¢ particles of zeolite and the bi nde®CIIPIHANIS3 ‘
t hereby being adsorbed in those pore s existing on the surfaces of
respective particles. Accordi ngly, the object of the invention can be
achi eved by prﬁiﬁd'n the filter 100 having the adsorption |ayer 120 which
is formed by f 'ng e zeolite powder to the surface of the honeyconb

structure 112 with the help of an i gani ¢ substance as -a binder having
pore s on its surface, the size of pore being | arger than the
effective pore dianmeter of zeolite'and mainly falling in the range defined
as so-called neso- or mcropore . In the
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simlar way, the filter 100 may be forned by fixing zeolite pellets 121,
which are pelletized fromthe zeolite powder with the help of the above

i norgani ¢ substance as a binder, to the surface of the honeyconb structure
112. Furthernore, as will be seen fromFig. 10 showing two cross sectional
views taken on lines A-A and B-B, respectively, the object of the invention
can be achi eWeIBP™ filter 100' which is formed as fol | owPCTAPISION3BIL ,
there is prepared a doubled cylindrical casing 122 surrounded by an

out ernost casing 124 and t he doubl ed cylindrical casing further including
an inside cylindrical casing of which the double walls are

FTNK98002/ SG 34/ 102

B11H
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provided with a nunber of vent openings 123. Pellets 121 are formed by
pelletizing zeolite powder with the help of an inorganic substance as a

bi nder. This inorganic substance has pore s on its surface, the size of the
pore being larger than the effective pore dianeter of zeolite and mainly
falling in the range defined as a so-called neso-pore or pore . The space
bet ween t-he WOMBBB™SHal |s is filled up with the pellets 121 PCThResaosssf or ni ng
a pellet filled cylindrical adsorption |ayer. The object air to be cleaned
first flows in the inside of the doubled cylinder case 122 and then fl ows
out through the space between the doubled cylinder casing 122 and the
outernost casing 124 after passing through the pellet filled cylindrical
adsorption Iayggq_@pE%omﬁng the arrows 113 as shown. Accordingly, the
filter 100 is Torned by fixing an
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adsorbent to the surface of the honeyconb structure 112, the adsorbent
being in the formof the m xture of synthetic zeolite power of which the
particle size is several mcrons and the effective pore dianeter is 8
angstronms, and a binder which is acid-treated nontnorillonite (activated
clay) having a size of several mcrons, or in the formof pellets which are
made by pel | wioissi3ssgst he above mixture. Furthernore, the fi |RCEHIPIINGISI| s .
formed by filling up its casing with the adsorbent in the formof pellets
as nmentioned above. Montnorillonite is a clay m neral having a chem cal
conposition described as Al[err]Si[err](OH) [err] nH err]0 and its name
cones froma place nane 'Montnorillon' in France, which produces this
chenical substan®el BB} nontnorillonite is treated by acid, the pore

vol une and specific surface of nontnorillonite having the pore dianeters of
15 to 300 angstronms becones 0. 37cc/g and about 300n{err]/g, respectively.
The pore volune of the porqgﬂ_?.ﬁqtjgp 40 to 600 angstrons conmes to occupy
22% of the total pore volume—Therefore, if

115d
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the acid-treated nontnorillonite (activated clay) is used as a binder for
the synthetic zeolite having the effective pore dianeter of 8 angstrons,

the pore of this binder can FTNK98002/ SG

35/ 102 physi cally adsorb BHT and sil oxane whi ch have a nol ecul ar si ze
| arger than strons and can not be adsorbed by zeolite. I n case
of talc, kao‘fvpr?s’% SFeral , and bentonite having been used asPE&THPIS®83so far,
t he macro-pore thereof . has a
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| arge vol unme, but the mcro- and neso-pore have a small inner surface and
volunme are so small that their physical adsorption power is snall
naturally. On one hand, sepiolite which is a kind of fabric porous clay
m neral includes the pore of 10 angstrons and t he nmeso-pore of 200
angstronms, and their inner surface and volune are large, so that their
physi cal -adsWPB83%7 power natural ly becones |arge. Acid- t®Penorss003s3
nontnorillonite, synthetic stevensite, synthetic anesite, synthetic
fraipontite, a conplex of fine silica particles and m cro-crystals of
alum nosilicate such as syntetic fraipontite, etc.- has a | arge physical
adsorption power |ike sepiolite. These porous clay mnerals have the pore
vol ume and .ggeLi% i surface of nore than 0.2 cc/g and 100 nferr]/g,
respectively, in their pore dianeter range of 15 to 300 angstrons. Fabric
porous clay mnerals such as sepiolite and pal ygorskite, acid-treated
nmontnorillonite (activated clay), various porous syntheti-c clays, etc. are

preferably enpl oyed as the second ademrption | ayer
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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 ect ed. anWO98@3¥}75eol ite which has a pore dianeter | argerPQINEIS/0W383
angstrons, it can renmove DOP and DBP which are the nmpjority of substrate
surface contam nants anong the gaseous organi ¢ substances. On one hand,
gaseous org i ¢ b rities having an nol ecul ar diameter |arger than the
effective pore dianeter of the zeolite, can ¢moveq by using an

i norgani ¢ substance as a binder for zeolite, the -
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FTNK98002/ SG 36/ 102

I norgani ¢ substance having an effective pore dianeter |arger than that of
the zeolite. Strong adsorption power which a zeolite crystal shows to
the noi sture and pol ari zed substances, depends on the static electricity of
cation corresponding to the nunber of alum numatons in the skel eton
texture of zBABBES|f a weight ratio between silica and alRQWIR9s/o883t ai ned
in the zeolite crystal (Sigerr]/Aferr]O[err]) increases, the nunber
of cations is decreased, thereby the crystal becom ng nore hydrophobic. Up
to the stage where the ratio SiJerr]/Al[err]O[err] is 2 through 5, the
crystal showg & Ry ophilic nature. If the weight ratio
Sigerr]/A[err]O[err] is around 20 or exceeds this value, the hydrophilic
nature of the zeolite di sappears and the

(a) |
. i 20 B
. 3112 #1091 hois .311b% T4NEE

(b)
TRPET 19 311 3MMaB107109%

31Mbg20 71098




hydr ophobi ¢ nature dom nantly cones out. Fig. 11 is a graph show ng
the relation between the weight ratio of Sigerr]/Al[err]O[err] and the

noi sture adsorption quantity per zeolite of 100g (cc/100g). Wen a val ue of
Sigerr]/Aferr]O[err] in the range of nore than 20, the nvoisture
adsorption quantity is decreased and no noi sture adsorption occurs when the
val ue of .Si OMQ9833583[err]0[err] becones nore than 80. Fig. PCI/IEPRAMES3a

noi sture adsorption isotherm of hydrophobic zeolite when
Sigerr]/A[err]O[err] is 40 and it also shows, for conparison, the sane
of the activated charcoal nmade of coconut husk. At the relative humdity of
50% the noisture adsorption quantity by the activated charcoal is 0.11lcc/g
while the same by zeolite is 0. 03cc/g. Wien zeolite adsorbs noisture, the
adsorption capacity of gaseous organic substances by zeolite is reduced
correspondi % 108@3 noi sture vol une adsorbed thereby, conparing to the
case of adsorbing no noisture. In other words, the effective tine zeolite
can maintain its adsorption ability, i. e. the life
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time of zeolite as an adsorbent is shortened corresponding to the noisture
vol ume adsorbed thereby. Consequently, zeolite is preferably hydrophobic
in order to renove gaseous organic inpurities flying about in the clean
room of which the relative humdity is ordinarily kept at 30%to 60%
FTNK98002/ SG 37/ 102 On
one hand, i tWQ®BR3BE possible to use hydrophilic zeolite. SPCT/ZRIs/0088H er
handl ed in the clean roomor the like is nore or |ess oxidized naturally
and carries a natural silicon dioxide filmon its surface, so that the
silicon
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waf er surface becones hydrophilic. Also, it is known well that the gl ass
substrate handled in the simlar working space is hydrophilic due to the
physi cal properties of glass itself. Such organic inpurities that exist in
the clean roomair and contam nate the hydrophilic surface of the silicon
waf er covered by the natural silicon dioxide filimand the glass substrate,
have a hydr oN@P#8$38357gr oup whi ch has a good affinity for thePOyarasoonssic
surface. In short, previously described organic surface contam nants are

hi gh nol ecul ar hydr ophobi ¢ organi ¢ substances which have a hi gh boiling
point and a chem cal structure |ike a doubl e-bonded carbon and a benzene
ring, thus having a hydrophobic group as a matter of course. However, these
organi ¢ substances al so have a hydrophilic group causing the surface
contam nation. As described above, since the electronic material |ike the
silicon wafer is hydrophilic and organi c substances to be adsorbed have

al so a hydrophilic group, it becones possible to use hydrophilic zeolite.
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The silica/alumna ratio of hydrophilic zeolite is 2 to 5 while the sane of
hydr ophobi c zeolite is 20 or nore. The |ife time of hydrophobic zeolite as
t he adsorbent for organic substances is |onger than hydrophilic zeolite.
However, since hydrophobic zeolite is produced by treating hydrophilic
zeolite with acid to renove al um num conponent and then drying it by heat,
the former b™MIBPS7/or e expensive than the | atter. Cost-dowPGHIPASRMBSphi | i c
zeolite can be achieved relatively with ease by mass production thereof,

but the sanme 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 honeyconb- structure,. all the nmanufacturing steps are

identical to those v#§ @hlag® described previously: Thus, the

336a(336b)
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FTNK98002/ SG

expl anation thereabout wll

| ar ger than WOA833¥75zeol it e.

be omtted. At first,

38/ 102

repetitive

zeolite pellets are
prepared by using zeolite powder and an inorgani c substance as a bi nder.
Thi s inorgani c substance is selected frominorgani c substances which can
adsorb gaseous organic inpurities and have an effective pore dianeter

The effective pore di ameter prRSITAPBMOIBH al | s

in the range of neso-pore dianeter or pore dianeter as defined previously.
to and m xed with zeolite powder and the binder i.e.

Cty water

t he above s
This clayish m xture
produce pellets having &\

FAAR

(b)
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dianeter of 0. 3 to 0.8nm The pellets are then bl own agai nst the supporter
with high speed air jet. In this case, the surface of the supporter is
treated in advance by an inorganic flame retardant adhesive. It is not

al ways needed that the supporter is in the formof the honeyconb structure.
It may have such a three-dinensional nesh structure as a rock wool. This
mesh struct W@983§75show a hi gh resi stance agai nst the obj cBCT/IRI8/8383 t 0 be
cl eaned fl ow ng therethrough, but it may give the object air nore
opportunities to get in 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, like conponents in both figures are designated |ike
reference nurre%IZS @r%st he detail ed description thereof will not be
repeat ed here. shown in Fig. 14, in this filter 131, the first
adsorption layer 125 is forned by fixing zeolite to the
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surface of the honeyconb structure 112 which is fornmed by alternately
stacked up corrugated sheet 110 and thin flat sheet 111, using a binder
made of an inorgani c substance which is capabl e of adsorbi ng gaseous
organic inmpurities and have an effective pore dianmeter |larger than that of
zeolite. Furthernore, the second adsorption |ayer 126 is formed by
FTNK98002/ SWO 98/33575 39/ RCXAPIB/OBEIK| ng t he
same inorgani c substance to the first adsorption |ayer 125 so as to
overlying on the first adsorption |ayer.
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The external shape and dinmension of the filter 131 may be arbitrarily

desi gned taking account of the space in which it is installed. However, the
i norgani ¢ substance used as the binder for fornmng the first adsorption

| ayer 125 is different fromthat which is used for form ng the second
adsorption layer 126, and it is not always required to have the ability

to adsorb RIB3IIS organic ‘inpurities. Furthernore, the RITIRAG0I83 por e
di aneter of the inorganic substance used as the binder for formng the
first adsorption |ayer 125 may be smaller than that of zeolite. For

i nstance, there may be used clay mnerals such as talc, kaolin mneral, and
bent oni te whi ch have been used as a binder so far and i nclude few pore s
facilitating the physical adsorption of the gaseous organic inpurities.

Al so, there may be used an i norgani c adhesi on assisting agent such as
sodiumsilicate, glg |, and alumna sol. Fig. 15 is an enlarged cross
sectional view of "a con&ggx adsorption | ayer consisting of first and second
adsorption | ayers.
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An exanple of the nmethod of formng the filter 131 wll be explained in
the followwng. At first, the porous honeyconb structure is

manuf actured. Up to the steps before form ng the adsorption |ayers, the
sanme nethod as described in the above 1is applicable, so that the
description thereabout is omtted. In the next, the honeyconb structure 112
is imersed worosa3sgeveral mnutes in a suspension in whi ch RXIHPPE938Iowder
and the powder of the clay mneral such as talc, kaolin mneral, and

bent oni t e whi ?dgkbeen used as a binder so far and then, the honeyconb
structure 11%9i3 her treated by heat at 300[err]C for about 1 hour,
thereby form ng thg40f jLst adsorption |ayer After this  the
honeyconb structure 112} provi ded with the first adsorption Ia er is

i mersed for a sevqégl rinutes in a suspension in which there i s dispersed
the fine powder of i hor gani ¢ subst ance whi ch has an effectlve por e

di aneter |arger th%936
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FTNK98002/ SG 40/ 102 zeolite

and is capable of adsorbing gaseous organic inpurities, the inorganic
substance being for instance a porous clay mneral, diatomearth, silica,
alumina, a mxture of silica and alum na, alum numsilicate, activated

al um na, porous glass, etc. Then, the honeyconb structure 112 is further
treated by Me98/33875300[err] C for about 1 hour, thereby forPeTHFIHE83econd
adsorption |layer. As porous clay mnerals described above, there are
avai | abl e hydrated magnesium silicate clay mneral such as sepiolite and
pal ygorskite , activated clay, acid clay, activated
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bentonite, a conplex of mcro-crystal of alum nosilicate and m croscopic
particles of silica, etc. In the way as descri bed above, there is achieved
t he honeyconb structure 112 having the first adsorption |ayer 125 coated

wi th the second adsorption |layer 126. The inorgani c substance used for
formng the first and second adsorption |layers 125, 126 may include at

| east one i nYWIBTSadhesi on assisting agent such as sodi urRGI/IPPEIEBES,
silica sol, and alum na sol. The inorganic adhesi on assisting agent plays a
role in assisting firm adhesion of zeolite powder and the inorganic binder
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 th%%iﬁiggf adsorption layer 126, to the first adsorption
| ayer 125. The honeydo ucture 112 obtained in this way has nothing

i nfl anmabl e, and gaseous organic inpurity conponents are conpletely driven
out when the honeyconb structure 112 is treated by heat. Therefore, the
honeyconb structure 112 can

—qe : ©
1]
- 6 ° Bl {w
s 2
L (): ® ’Fs -s
B q Py é _sr_)
W ! £
- #® o ° N
£ :
- %d; ® i _:
R * N 1=
4 2 o
- o 'p ® R d o P
= I o E‘
1 H .
- ﬁ_ :O ] g 41 ® g
]
L \'b .4"% 4 B~
t
t 4 . o
]
-~ Cé @ 4w
)
- N
To B
B o ® ™
R
- -4 P Y { o
-
- Q ® 4~
|
R 3 3
L% IETIEL

27739



not be a source of gaseous organic inpurities by itself. The filter frane
115 as shown in Fig. 13 is preferably made of a material such as al um num
whi ch neither generates gaseous organi c substance, nor includes inflamuable
materials. Furthernore, the adhesive for fixing the honeyconb structure 112
toits external frame, or the sealant for sealing the gap between the

ext ernal -fraM@ %M he honeyconmb structure is to be pref er RENIPEAOIt ed
frommaterials which FTNK98002/ SG

41/ 102 nei t heéﬁ %erbeﬁt es gaseous organi ¢ substance, nor includes
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i nfl ammabl e conponents. Also, it may be possible that the entire filter 131
assenbled by fitting the honeyconb structure 112 to its franme 115, is
treated by heat, thereby driving out gaseous organic inpurities which m ght
still exist in the fire retardant adhesive or seal ant used in assenbly
process of the filter 131. In this way, the filter 131 can be finished with
mat eri al s whWWOPA¥? her generate gaseous organi ¢ subst ancePCTHB03I8| ude

i nflammabl e matter. It should be noted that, in this invention, the
structure of the supporter to which the adsorbent such as zeolite is fixed,
is not limted to the honeyconb structure 112 as previously described in
connection with Figs. 6 and 13. In the exanple shown in Fig. 13, the air to
be cl eaned is nmade L,%[%Iegv\@n the direction (arrow 113) in parallel with
contact |ines nade nX he thin flat sheet and the corrugated sheet.
However, it may be possible for these contact lines to be forned such that
they have a certain angle with respect to the air flow direction.
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it is not always needed for such contact lines to be parallel. It may be
possi bl e for adjacent corrugated sheet to be stacked up via a thin flat
sheet such that the contact |ines nade between the thin flat sheet and one
corrugated sheet (e. g. upper or lower to the flat sheet) are nade to

i ntersect those which are nmade between the sanme thin flat sheet and the

ot her corrud¥P@¥338Meet (e.g lower or upper one to the sanmePCI/JIPBORE} | v,
however, in the corrugated sheet arrangenent |ike this, the wave form
of the adjacent corrugated sheet can not be in phase, so that it becones
possible to elimnate such a thin flat sheet that has been prepared for
preventing corrugated sheet frombeing closely stacked up in phase. It wll
be understood that the supporter can be fornmed in a variety of shapes. O
course, despite the variation of supporter structure, the adsorbent such as
zeolite can b% B 2&to any supporter in the sane nethod as previously
descri bed according to the i-nvention.
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FTNK98002/ SG

descri bed.

fop3ee by

Zeolite pellets are made of a m xture of

zeolite powder and an i norgani c substance as abi nder.
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t here
filter according to the invention,

havi ng the three-
In this exanwio®s3sas | eti zed zeolite is f

means of a proper adhesive.

Next ,

\\\\\\\//////////////// N

N NN NN NN
U SSSSSSSSSNSNSSNNSY

7 . AANAANANNNNANNNNNNN
\\\&7/////////////////

ANANANANNNNNNNNNNAN

SRS

S S S S SN NNNN

7777 NN

o 3 e Lo%
B A
O\Y--§ EHHHHHJMMUU
ﬂWmW TCIZIZTIZTTTIAD
% ,..m
] Te]

(b)

%3 4K

NN

NSNS A SN RSSO N NN

TN NS S S SN RNSSN SN N NN

NOOOONNNNNNNN NN

MR RN

ARARARANRRRNRNNRN

S OSSN N N N NN

OISR NNNNN Y

S S S S SSSIARAASN

AR

——— — . — —

(b)

(a)

31/39



are coated with an inorganic substance which is capable of adsorbing
gaseous organic inpurities and has an effective pore dianeter |arger than
that of zeolite. Coated zeolite pellets are fornmed by i mersing zeolite
pellets in the suspension in which the inorganic substance for coating use
I's dispersed, and then dried under the proper condition. In this case, in
order to.i nC(W@a¥5The nmechani cal strength of the coated | afEF/IPBO038/hy be
possi ble to add an inorganic colloidal solution as an inorganic adhesion
assisting agent to the above suspension, thereby having the coated

i norgani c sgPI &HEg contain the inorganic adhesion assisting agent. 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 T VET =N be realized by blowing the pellets

against the thre S structure with high spee L jet. In
this case, this 1L pash strucfdtd i SAHpr efpgted
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16 is a schematic
The cl ean room 201 has

Fi g.
It includes a working space

a ceiling port PERIPBOIREHI a

etc.,
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1. Nanely,

LCD s,

S,

illustration for explaining the constitution of another clean room 201
& 3 »f'@iKQBOOZ/ SG

a constitution basically simlar to that which has been previously
fl oor portion 204 which define the upper and | ower parts of the working

I n advance with a proper inorgani c adhesive.
according to the second enbodi mnent of the invention.
described in connection with Fig.

202 for manuWeddsihg LSl

space 202,
43/ 102
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and a return path 205 arranged on the side of the working space. On the
ceiling portion 203, there is arranged a clean fan unit 213 which includes
a fan unit 210, a filter 100 or 131 as previously described, and a particle
filter 212 for renoving particle i mpurities. A sem conduct or
manuf acturing apparatus 214 is |located in the working space 202 and acts as
a kind of aWea¥33s®urce. The under-floor portion 204 is paPCT/iRINSEs of f
with grated panels 215 having a nunber of holes or perforations. A
condensation coil of the non-dew type 216 is arranged in the under-fl oor
portion 204 in order to deal with the sensible heat |oad of the
sem conduct or manufacturing apparatus 214. A tenperature sensor 217 is set
up in the return path 205 to detect the tenperature therein. A valve 218
for regulating thggéhﬁlﬁﬂd water flow is controlled such that the
tenperature detected by the sensor 217 and the relative humdity in the
return path are kept at respective preset constant |evels, w thout causing
any dew to appear on the surface of the coggrensati ong
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coil 216. Wth operation of the fan unit 210, the air in the clean 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

t hrough the non-dew type condensation coil 216, and gaseous organic
inpurities AMA93STS cul ate inpurities contained in the cl eRATVRISMAIBI r are
renoved 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 whi ch includes hydrophilic zeolite for renpving.gaseous organic
inmpurities contained in the outdoor air, a unit type air conditioner 222
whi ch perforns renoval of dusts in the outdoor air and controls the
tenperature and humdity of the introduced outdoor air, and a humdity
sensor 227 whicliEid @dzyup in the outdoor air
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FTNK98002/ SG : 44/ 102 i nt ake
path 220. A valve 229 for regulating the pressure of supply water in the
hum dity control portion of the unit type air conditioner 222 is controlled
such that the hum dity detected by the sensor 227 is kept at a preset

| evel . In the working space 202, there is provided another humdity sensor
228, by whi cWOBR3¥1am dity of the working space 202 i s det RCTS#HIS/IVIN
outdoor air introduced to the under-floor portion 204 of the clean room 201
t hrough the outdoor air
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i ntake path 220 is introduced to the working space 202 through the return
path 205 and the ceiling portion 203. The air anmount conparable to that
which is introduced to the working space 202 is exhausted from an exhaust
opening 225 via a return gill 226. Al though not shown, when installing
filters 100 or 131 in the ceiling portion 203 of the clean room 201, it may
be possi bl e, wa98/388%cri bed referring to Fig. 5, to dispose POBMRIBOZE not to

cover the entire ceiling portion 203 but to cover it in part. A
filter 311 according to the third enbodi nent of the invention will now be
described in detail in the foll ow 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 assenbling the
filter portions agfs#o2B n Fig. 17a. As shown in Fig. 17a, this filter 311
consists of the first and second filter portions 311la and 311b, the forner

i ncluding synthetic zeolite for renbving gaseous organic inpurities
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in the object air to be cleaned and the latter including an inorganic
adsor bent which has an effective pore dianeter |arger than that of
synthetic zeolite and is capabl e of renpving gaseous organic inpurities
whi ch can not be renoved by synthetic zeolite. As shown in Fig. 17b, these
filter portions 31la and 311b are coupled to each other by screw ng the

fl anges 334 WPBBBYT filter franes. In this case, it is pr@CEIBISI003880
insert a fluororesin gasket 339 generating | ess gaseous inpurities
between filter portions. The coupled filter 311 are screwed on
respective ducts (not FTNK98002/ SG
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shown) | ocated on the up- and downstream sides of the filter by nmeans of
its flanges 320. Except the fluororesin gasket 339, all the conponents of
these filter portions are made of only materials which are neither

i nfl ammabl e nor generate gaseous organic inpurities. Fig. 18 is a
schemati c expl oded view of first and second filter portions 311a and 311b.
These are fOowWO®833I5M t he al nost sanme way-as the filter 11 aPCIAPAMGOI8H i g.
2..That is, as shown in Fig. 18, the filter 311 is formed having a
honeyconmb &8 OB e 332 sinmlar to the previously described, nanely, a
plurality of corrugated sheet 330 and thin flat sheet 331 being alternately
stacked up ilnsi dﬁ&%ﬁce which is defined by al um num frame nenbers 3353,
335b, 335c, _and nd front and rear frame menbers 320, 340, so as to
have an ope% ng §§§§%§€ the flow direction 333 of the air to be cleaned. In
this case, s de%#i%%ed.i n the above,
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synthetic zeolite is fixed.to the entire surface of the honeyconb structure
332 for the first filt portion 31la while an inorganic adsorbent:gﬁgé

an effectivel &0 er larger than that of synthetic zeolite, xed
to the honeyconb structure for the second filter portion 311b. As will be
described |l ater, the effective pore dianeter of synthetic zeolite is.
preferably nore than 7 angstroms. As will be also described later, the

i norganic adpp{f§w§f ?prfﬁeéﬁghgnselected fromdiatomearth, silica,

g: 3m 22 [)no)r(ﬁi)f&r g(FIa@&NI% dr&gﬁﬁﬁgﬁem ﬁ%s%?g% ’ :Ai@ M@ﬁﬁl‘l)vaﬁﬂ? vat ed
clay, activaleberTORING, TRECSAMBSt for reference, the physical properties
of\pore S OtTeghniégig?féfdadsorbent will be indicated in Table 2.
This invention generally relates to an air cleaning
apparatus such as a clean room, a clean bench and so forth,
which is used in the manufacture of precision products such
as semiconductor elements (e.g. LSI), liquid crystal
displays (LCD) and so forth, and has the function of
controlling the relative humidity of the air in the working
space and also removing gaseous organic impurities and fine
i particulate impurities contained in air of the working space.
More particularly, the invention relates to an air filter
~which can be installed in 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 understanding of the
invention.
Background Art
: It is well known that a clean room, a 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 1-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.
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Table 2 Test Piece Specific Pore Vol une (cc/g)

( Powder) FTI;&IJ?QQ{L@/?@G[ err]/Q) by N2 Adsorption : 2/102
by BET Method 15 to 300 angstrons . diatomearth 200

0. 25 silica gel 400 0.61 al um na ge
250 0. 60 Al[err]Of[err] * 3SiJerr] 225
gb?gus gl ass @&ﬁéeq@eﬁ@&ﬁrri£”ﬁﬁf¢happen ahigogemlflnlshed prodfc8d 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 half-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
compartment or room for several to several tens hours being
exposed to the ordinary clean room air. .
As such, when the silicon wafer or the LCD substrate
are left in the ordinary clean room air for a long time, it
k_/ often happens that some organic substances are deposited on
the surface of the wafer or the LCD substrate. If such
deposition of organic substances occurs, it causes the
following an inconvenient state. That is, if an insulating
oxide film (Si0,) is formed 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
N 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 ultra-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
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At this poi rETNmZﬁGI be briefly explained an exanple of a net h"dHo?or

manuf acturing the filter portions 31la and 311b. Al the steps taken until
- conpl etion of the honeyconb structure 332 are identical to those which are
- described in the above. The honeyconb structure 332 for the first filter

~portion 3113«%&%1‘,{‘&?\,\32‘%‘ E'Fﬁcﬁ”éooﬁﬂﬁi é’I‘oﬁE'g‘féfﬂitﬁQ §J‘ﬁef£c@§r§r§tﬁ9 cfﬁFéj

- synthetic z rain size
_inorganic scﬂndalﬁ‘kharmlstutﬂ'r a@nsaulufaatlsrtg -amjanfiire kdins ument suck e, etc.

- On the othery fmﬂft Mﬂsgéeeswomeféw%laﬁl% %tﬁ@%ﬁf‘?c§?‘é‘¥ﬂcfﬂérf

- portion 311b I mmersed I n_a suspension L n re di spersed an
i nor gani ¢ sol b| nd%rrg% SH§S§|aIn|°@§ %%Ptahpﬁ%lrfh@&al%(? the Karkinge  etc.

~, and i nor gadlidc Adaar PENé aPOIMET awildhi A3 uangkeat & thiezg] 9§ s b tAa e Cron
as the LCD substrate. In case of forming an amorphous silicon
film (a-Si) for use in a thin film transistor (TFT) on the
LCD substrate, if organic substances contained in the air
of the'working space is depdsited on the LCD substrate
surface, it again disturbs the close contact between the
a-Si film and the LCD substrate surface. As described in the

L above, organic substance flying about in the air of the

working space is really an ill factor to be removed as

complete .as possible.

On one hand, it is possible to remove the organic
substance 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 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, 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)



and an effective pore dianeter larger than that of the synthetic zeolite,

and may be selected fromdiatomearth, silica, alumna, mxture of ih'ca
“and al um na,FENKA 61 i cate, activated al um na, por ous gl ass, hY@F ed

magnesium silicate clay mneral, activated clay, activated bentonite, etc.

After both of porous honeyconb structures FTNK98002/ SG

47/ 102 332 are inpregnated with the above-nentioned materials for

several m nuigs,.LOey 3R §herd sl RYeER ohbBOHEEFdLotObaPP6n atoms
on the semiconductor substrate surface should be limited up
" to 5 x 10'® carbon atoms/cm? before processing and 1 x 10%°

carbon atoms/cm? after processing.

Table 1

Requirements

1995 1998 2001 2004 2007 2010
(Year)

Feature Size

(nicrometer) 0. 35 0.25 0.18 0.13 0.1 0.07

AN Front End
Processes

Organics

(atoms of 1E14 5E13 3E13: 1E13 5E12 3E12
C/cm?).

Back End
Process

Organics

(atoms of 1B15 | 1E15 | 1E15 | <1E15 | <1E15 | <1E15
C/cm?)

' . Heretofore, a chemibal 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 -
is well 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 fabric, and the others are
formed by adhering granular activated carbon on an urethane
foam or nonwoven fabric with a prdper adhesive and then



hour, thereby finishing the first and second filter portions 31la and 311b.
~Silica sol or _alumna,.sqQl as used in the above treatnent are a -

- nono- di spers@'gNmééén whi ch contains primary particles with a &/302
“the order of one to several tens nanoneters. However, when the primry
particles are attached onto the surface of the honeyconb structure and

i treated by heat, Silica sol or alumna sol is transforned into silica ge

~or alumna gely, c%@?ﬁé 1‘{31!“1 tHie"8RabRNSE AW FLAIoRutThagei M e diE
filter portion 311b_may be obtained by I mersing the porous honeyconb
structure 333h3me 0Eu&peheedbn in which only the inorganic sol binder such

as silica sol or apgdie o9 o ¢1danrebsrdofappithethéreailMygiis sdeat .
As described in the above, the fi|ter 311 mposed pf,ihe first and second
(71 Ler portiahe Sheandd Ut StncPhBAS TP RERG NP Lhhbbf #1ngaent
const i t uent sforintemd vin g hea geceo usr gawhei tmpupiititsesdn tine cdimrmeayx dd ai ned
'n the fil teatc}?f)é]\%étbuye%trsi‘aanngcﬁrpgosc%ieblc eﬁlci%%"i”%ri]i‘ttgrtshgnSéipgqpa&t%eam
' side of the particle filters installed in the ceiling
portion so as to entirely cover it. However, according to
the Fire Laws of Japan, activated charcoal is classified
into an inflammable material group, and it strictly requires
careful attention to fire. Accordingly, in view of the
L disaster prevention, it should be as avoided as possible to
arrange the chemical filter using activated charcoal on the
backside of the ceiling of the clean room.
The 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



surface, can be renoved during the heat treatnent of the first and second
filters, so that there can be no chance for the filter 311 to be t

gaseous orgeﬁilTNKQﬁ@Qz(fsté source by itself. Fig. 19 is a schetﬁ”’%
expl oded view of the filter 311 in order to illustrate another way of
conbining the first filter portion 31la with the second one 311b. As w |

- be seen fromFig. 19, the frame of the filter 311 is first assenbled by

using al um numetinaled AR praber B3R oAThe 3336reddodiduhiEhin e made

~longer conparing to ose own in Fig. 18 front, an ﬁ rear

franme nmemberki Boer. Illé'x'ﬁ et}H@‘ %‘S/éénf) %‘F?ﬁ@:tqﬁ"eese S%aa?ﬁe%%ﬂl >ch have
recei ved theltsammrﬁaéﬂmta@é 4éW5taf Do WResthtst eIk serendyf hich

portfons S1eend LI eaLs, oS (b P AIGGE R S oice
332a and 33Zn mylebet@rgoelrt@edhm problem, the manufacturer of chemical
filters using activated charcoal is requested to carry out
a very complex work prior to their shipping the filter. That
is, they first survey the temperature and humidity of their
client’s clean room air before their shipping the filter,
and then they intentionally humidify the filters so as to
meet the air temperature and humidity level in the client’s
. clean room, and further air- tightly pack the humidified
filter for shipping thereof.
A chemical filter of the tower type generally has a
high adsorption efficiency, but it has a high pressure loss
(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
o 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 séaling materials are included in
the air passing through the chemical filter and may give an
ill 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
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adj acent to each_other or to be separated fromeach other at a cert

di stance wi tIRTNER00253Ge i nner space defined by the above frane ‘ﬁ@@?s

. Fig. 19 shows that honeyconb structures 332a and 332b are accommopdated in
the inner space according to the way of the latter arrangenent, thereby
-conpleting the first and second filter portions 31la and 311b. Fi g.

20 is efq?ﬁ?fﬂi’@s By ?Ws@@ﬁh&‘%g hxfei a{':ﬁéﬂgﬁ ttﬁx%fcwﬁnféifer 311

.accordlng to | nven flgure oneyconb
structure 380n¢¢§ f11tered by itself.

In general, materials which release gaseous organic
impurities as mentioned above are also included  in a
constituent of the particle filter for removing particulate
impurities. This filter is typically arranged on the
downstream side of the chemical filter for adsorbing gaseous
organic impurities, so that the particle filter may
undesirably act as a gaseous organic impurity source.

A JP unexamined patent publication No. 61-103518 and
a JP unexamined patent publication No. 3-98611 respectively
disclose a filter which can be convertibly used as a chemical
filter. The former patent publication describes a filter
which is developed for removing offensive odor. This filter
is formed by immersing a base material such as a urethane
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 1latex 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 undesirable gaseous organic substances by
themselves.

As a filter of this k1nd 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



divided into two regions by an inmagi nary boundary surface which is set in
an equi di stant position fromboth ends of the honeyconb structure 380 in
such a nannéETkﬁkﬂsqpﬁﬁﬂﬁets the air flow direction 383 at rigH/102
angles. Pellets pelletized fromsynthetic zeolite or the powder thereof
are fixed to the surface of one half region of the honeyconb structure 380,
thereby formng the first filter portion, while adsorbent pellets

Phe surf ace oAl Hat3NnaGite 605 £0Fa b IEnB M s iiCR IR 12 S 1O
t her eby for rndy atherctnoriganieechbipdeti on, the inorgani c adsorbent having
~an effective pore i &@ifigl Al B obRBL t0bf 23 i1h§enit i sCKS YISy BPe Shown,
~the about hal f_upstreamregion 381 of the, hopneygonb structure 380 with
r espect to thdiditen FhRCh nscr3s aBd T8 1AL SLEOR (Lhe i GHRLiH whi ch
~synthetic zepldd£tés hoveiteon, anfdi setibhvrddiedurbiertdly dorrtvold eh
Snorgantc Mty DEERTREPeRh fI0H WY BoFPeld8s88 ddfestt ianYc e
upper strea
impurities by itself, and can remove even a very small
quantity of gaseous organic impurities contained in the
working space, thereby protecting the substrate surface
from being contaminated with such impurities. Another
object of the invention is to provide a method for
manufacturing the filter as mentioned above. Still another
object of the invention is to provide a clean room or the
like equipped with the filter as mentioned above.
Disclosure of the Invention
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



381. On the other hand, the remaining half downstreamregion 382 of the
sane is imersed in another suspension in which an inorganic adsorb S

- di sper sed, NENKIB002/SGr i ed, t hereby form ng anot her inorganic mat@&bal

-l ayer nade of the inorganic adsorbent on the surface of the above renaining
hal f downstream regi on 382, the inorganic adsorbent being selected from
~diatomearth, silica, alumna, mxture of silica and alum na, al um num

: 2'9} ilggt e, aqidypieqdsal WPiParably fdru¥P8982/ Choneycomb shape, and
includes a number of +tiny vent pores therein, and.
hydrophobic zeolite layer is firmly fixed to the surface of
the honeycomb shaped base filter media (referred to as
>honeycomb structure’ hereinafter). In this case, this
hydrophobic zeolite layer is formed by immersing the
honeycomb structure in a suspension in which hydrophobic
zeolite powder is dispersed, and then drying it. Also, the
hydrophobic zeolite layer may be firmly fixed to the surface
of the honeycomb structure by means of an adhesive. The
honeycomb structure is preferably formed by wusing
incombustible materials such as inorganic fiber
(indispensable component) including either clay minerals or
calcium silicate. Hydrophobic zeolite preferably 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 impufities.

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 adsorbtion 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



porous gl ass, hydrated magnesiumsilicate clay mneral, activated clay,
activated bentonite, etc. The above two inorganic |ayers may be foy, 8

- either over IEBNK#$0A2(3Gor being separated from each other in the Qﬁ& Zity
: of the boundary between upstream and downstream regi ons 381 and 382. The

- filter 311 according to the invention can be conpleted by inserting and

. fixing the honeyconb structure 380 to such a alum numfrane as shown in

' Fig. 19. Th t i.de 3 t d
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Al though th%u%ﬁ&¥%ﬁf5£5%%aﬁ%% gﬁﬂ?%gﬁ%eoéskﬁﬁikhg%ﬁ and the resultant
zeolite pellets are firmly fixed to the surface of the
supporter. In this case; the inorganic substance used as a
binder can adsorb gaseous organic impurities and has an
effective pore diameter larger than that of zeolite.

Still further, the invention provides an air filter

L in which zeolite for adsorbing gaseous organic impurities
contained in the air of the working space is pelletized using
an inorganic substance as a binder, and the resultant
zeolite pellets are coated with an inorganic substance which
can adsorb gaseous organic impurities and has an effective
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 iﬁpurities such as BHT and

% siloxane of which the molecular size of more than 8 angstrons,
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, its
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



and second filter portions 31la and 311b may di splay an excellent ability
I n renoval lc lgpurities, the inventors still know, as w |l

descri bed | ﬁmgélﬁpequal | y excell ent but nore conpact fil terh%g@z 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 form ng another inorganic material |ayer nmade of an inorganic

adsor bent owgy rﬁ&ﬁ;éf rs:[tf %q&%%ehls%th%ws 8% the fPP@é'P afsergiipnrneyer.
The met hod of Tormng t |ter poyti 31la .and is not |} gited to
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~ enbodi ment %fmx}d}eiﬂynvs%%lj Tmi glﬂa'p% L?fgﬁg ?dpﬁéHéPglsa not limited
to be of honeycomb structure. It may be of other shape, of
which the cross section is in the form of a grid or a wave,
for instance. Furthermore, the supporter can be of 3-
dimensional mesh structure like a rock wool including a
great number of air vent pores. In case of this 3-dimensional

\ - mesh structure, as will be described later, zeolite as the
adsorbent can be firmly fixed not only to its surface but
also to the inside thereof along its depth (thickness).
Adhesion of the adsorbent to the supporter surface is
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

v 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. |



FTNK98002/ SG | 50/102  casing
with pellets, and Fi 3b is a cross sectional view taken on line of
the Fig. 23¥'T HK@BPPE{ 370 is conmposed of the first and second f]ia%-&
portions 370a and 370b. The first filter portion 370a includes a holl ow
cylindrical casing 372a filled wth pellets 371a made of synthetic zeoltite,
the casing 372a having outer and inner walls which are provided with a | ot

ﬁf) yent aper ggrg;lsﬂﬁslla?w | 31y )Ehe%féeaém?tcﬁi‘ﬂtékktﬁé Mﬂ&geézggpstﬂhqqi gdes a
y éJéie f11ter uses zeo ite %av1ng an effectf%glove_

the above,
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 such larger gaseous organic impurities.

However, such impurities can be adsorbed by the filter
according to the invention, because it additionally uses an
inorganic substance having an effective pore diameter of
more than 8 angstroms. The shape and dimension of the casing
and the amount of adsorbent pellets to be charged therewith
can be determined based on the shape of air flow path,

effective filtration area, and 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
et "~ than hydrophilic zeolite. Therefore, the filter wusing

hydrophobic zeolite has a longer life 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.



menti oned i norgani c adsorbent, the casing 372b having outer and inner walls
whi ch are prOV|ded with alot of vent apertures 373. As each bottom of
bot h casi ngF BYEBAAYSGFoh is closed, the air to be cleaned fIrSt:Bﬂi

i nsi de-out through the pellet filled layer (371a) of the casing 372a. Then,
the air flows through the space between the outer wall of the casing 372a
and- an outernnst cylinder 374, and enters in and passes outside-in through
the pellet fil of, .t nakl out
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~enl ar ged cross sectio vi ew of ;ads ion | a rs for
: 9 scous Qay mineral, glg%om ea?

‘mixture of silica and alumina, actlvated alumina, aluminum

1ca, alumina,

silicate and porous glass, or is mixture thereof. The porous

viscous clay mineral is either one of hydrated magnesium

silicate clay mineral such as sepiolite, palygorskite, etc.,

activated clay, acid clay, activated bentonite, and a
L complex of micro—crystal of aluminosilicate and microscopic
particles of silica, or is mixture thereof. In any event,
the inorganic substance which is used as a binder, adsorbs
gaseous organic impurities and has an effective pore
diameter 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



according to this method. These adsorption layers can be forned by jetting
agai nst a supporter to the surface of which an inorgan
%'?HK%QP%SGS applied in advance, In this case, the pLJr‘f/égz

' supporter may be not always required to be of haoneyconb structure as

~mentioned above. It may have a three-dinensional mesh structure |ike
. wool . The mesh structure may generally show a high resistance agai nst the

the pellets
i nconbusti bl

. Object air tfh}¥§%&kggg§g/%gfpakg bFOoYRet BEPBLREOUGh. However, this neans

g that the

Furthermore, the invention provide a method for
manufacturing an air filter which includes the steps of:
immersing a supporter in a suspension in which there are
dispersed powder of zeolite and powder of an inorganic
substance as a binder and then drying it, thereby forming
the first adsorption layer on the surface of the supporter;
and immersing the supporter already .having the first
adsorption layer, in a suspension in which there is
dispersed an inorganic substance which has ability to adsorb

a rock
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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 the
first adsorption layer.

According to these filter manufacturing methods, the

- 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



mesh structure may give the object air

w th adsorbents than the honeyconb structure. Pellets fixed to the

supporter niSTNE9I8P8HGEd by the fol |l owi ng steps,

synthetic zeolite powder or the inorganic adsorbent powder with an

“inorganic sol binder, adding city water to this m xture thereby formng a

. clayish m xture, and producing pellets having a dianeter of about 0. 3 to
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of tHd dledef atoomt IS believed that nost of the gaseous
Still further, according to the invention, there is
provided an air filter which includes the first filter

_portion including synthetic zeolite as an adsorbent, and the

second filter portion which is disposed on the upstream or
downstream side of the above first filter portion so as to
be adjacent thereto, the second filter portion including an
inorganic adsorbent which adsorbs gaseous organic
impurities and has an effective pore diameter larger than
synthetic zeolite. Since this air filter inpludes no
activated charcoal which is inflammable, 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



organic inpurities mhich are generated in the clean roomused as the
wor ki ng space_for cture of sem conductor devices or the lik act
as substrateF'ENKﬁ§9@ tam nants of LS s, LCD s, etc., mght bguﬁféjz

- hi gh-nol ecul ar organi ¢ conpounds having a high boiling point, for instance
organi ¢ sil oxane generated from sone seal ants, phosphoric ester froma
flame retardant contained in some building materials, phthalate froma
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by pelletizing synthetic zeolite or power thereof are firmly
fixed to the surface of one of these two regions, thereby
forming the first filter portion, and pellets formed by
" pelletizing the inorganic adsorbent or powder thereof are
firmly fixed to the surface of the remaining region, thereby
O forming the second filter portion.

When firmly fixing pellets formed by pelletizing
synthetic zeolite or powder thereof to the surface of the
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 from diatom 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



generated inside the <clean room carried by the air FTNK98002/ SG
52/ 102 circulatin t her et hr ough, and cause the surface
cont ani nat i gATNK98002{8Gt he next, there will be described various ¥iiH% i ons
and effects of the clean roomand filters enbodi ed according to the

I nventi on. For conparison study on ability of different filters, the
| clean roomair was filtered by using various kinds of
component.

The first filter portion may be made in the form of
a cylindrical casing which is filled with the synthetic
zeolite pellets while the second filter portion may be made
in the form of a separate cylindrical casing which is filled
with in organic adsorbent pellets. Further, it is preferable
that said synthetic zeolite is hydrophobic.

Brief Description of the Drawings _

Fig. 1 is a schematic illustration for explaining the
constitution of an air cleaning system according to the
first embodiment of the invention;

Fig. 2 is a schematic exploded view of a filter related
to the invention; '

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

N

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



filters, and cleanliness thereof was eval uated by neasuring the change with
t he passage of tine regarding the contact angle between a silicon dioxide
film formed KANK9S002 wafer and a water droplet dropped thereont8/39
clean roomair to be eval uated was prepared according to four kinds of
ways, nanmely filtering the clean roomair with respective tw kinds of
commercial chemcal filters, one including granular activated charcoal and

the ot her i ugj L bro ityisvat oadsnfidtaryn h {th a
chem cal fi qutcéelnl'tqllpng’]‘%%?élg“?o%qel%\cé%ﬁgﬁiﬁ{)agr?é%%’c(*afg?)n g{l e%c?lsieeyaﬁ:u‘r%oom air
dried by cosldseyntion tquangity metr @g@i,lﬁqwa%bw%n&ag&ngr@rlcafrlémnvi ng
inpurities(Haﬁfgfyyjqd%ygin. Fig. 24 is a graph showng the results of .the
above evaluation qon cleanlipess of thﬁ clean,roomajr. As the silicon

f
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i mredi at el y jafdtHe i Py Uydir ophobict Bebl iser hadesc bivet ed cHdtdavdy dtor
water, in ot wwords they becone hydrophilic, thus indicating a snal
contact angl4’. ~Contrary to this, if

Fig. 13 is an exploded view of a filter according to
.the other embodiment of the invention:

Fig. 14 is an enlarged cross sectional viewof a filter,
on the surface of which first and second adsorption layers
are formed: | '

Y, _ Fig. 15 is an enlarged cross sectional view of a
complex adsorption layer consisting of first and second
adsorption layers;

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



their surfaces are once contam nated wi th organi c substances, they conme to
shed wat er mell I N oﬂmgr wor ds t hey becone hydrophobi c, thus indi 7#6

| ar ge cont adt n leaving a glass plate in the clean roomig
measuring a contact angl e between its surface and a very nuch purified
~water droplet dropped thereon with the passage of tinme, it is known that

- there exists a certain nutual relation between the contact angle neasured

- by water drop %ﬁmzfa%d 3ndwihe Qeﬂif@e9f3;ﬁy&ﬁaf§ P&f‘nﬁé‘&“ﬁ‘f‘tfﬂf‘l *rr%saured by

‘ the XPS (X-ray pho oelectron spect r oscopy hod. An exanpl e of is is
" shown in Fi gasimg With regbletso the silicon dioxide FTNK98002/ SG

- 53/102 Fig. 23b is a cross sectional view taken on line B-B
of the Fig. 23a;

Fig. 24 is a graph showing contact angle change on a
silicon wafer surface when exposing it to the air which is
filtered by various chemical filters:;

Fig. 25 is a graph showing a relation between the
number of carbon atoms deposited on a glass substrate
surface and the contact angle on the same;

Fig. 26 is a graph showing contact angle change with

Y, the passage of time when exposing a silicon wafer covered
by a silicon dioxide film formed thereon to various
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



filmformed on a silicon wafer, alnmost simlar relation exists between the
contact angl ﬁﬁﬁ%gh rface contam nation by organic inpurities. (t 6§
this, there@ OQS(,%Ey strong nmutual relation between the wat er2W40¢ act
angl e on the substrate surface and the surface contam nation by organic

subst ances. The follow ng can be read fromthe neasurenent results
shown in Fig. 24. The ion exchange fiber is mainly used for adsorbing and

removi ng watfisal Uil e léf'Péﬂ?néEchH’i'ﬁkt't@sthéolh%ht'ﬂonc@n not adsorb any

organi c substances rse an even gener at e, gaseous ,organi c
subst ances. Therefdﬁb eﬁsléﬁ%lﬁﬁiérgét.Wﬁ%%eO?mﬁﬁﬁﬁh AR ersecond ed

with silicomdioydtiod ildyens!|adleyriong to6 the @h%ﬁtﬁ@(ﬁmnalr filtered by
t he i on exchange f ber $ | t.er, the contact ék % IS |ncrease of apout
0 ir

10[err] . On one d8sehf ePLavRR st and secon
adsorpt1on layers according to the invention E;

Fig. 39 is a graph showing contact angle change with
the passage of time when exposing a silicon wafer having an
oxide film formed thereon to various ambiences for 3 days
immediately after rinsing it;

Fig. 40 is a graph showing moisture adsorption
isotherm of hydrophilic zeolite and activated charcoal;

Fig. 41 is a schematic perspective view of a storage
compartment constructed or installed in a clean room, on the
ceiling of which a filter according to the 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.

N~ 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 function, 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.



the test piece in the above-nentioned dried clean roomair all day |ong,
since gaseous organic inpurities are hardly contained therein, no increase
in the cont FENKRBOO2/SG observed. In case of |eaving the test piedd/102the
clean roomair filtered by the above-nentioned two kinds of activated
charcoal filters, no favorable result is obtained despite that their
protection ability against t he surface contam nati on by organi ¢ substances

i h ted,
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of holes or perforations. A condensatlon coil of the non—dew
type 16 is equipped in the under—floor portion 4 in order
to deal with the sensible heat load of the semiconductor
manufacturing apparatus 14. The non—-dew type condensation
coil 16 is an air cooler which can cools the air without
" causing any dew condensation on the surface of a heat
exchanger. A temperature sensor 17 is set up in the return
path 5 to detect the temperature therein. A valve 18 which
regulates the flow of chilled water is controlled such that
the temperature detected 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 16.
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
N 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 includes hydrophobic zeolite for
removing gaseous organic substances contained in the
circulating air. This filter 11 is constituted with
materialswhichneithergenerategaseousorganicimpurities
nor are inflammable.



However, the filtration tower m ght be not al ways advant ageous when

conS|der|ng |ts hi ssure |l oss or vent resistance as previousl
descri bed. %%W%OZI SG 29/102

54/ 102 Next, the clean room according to the invention as shown in
Fig. 1 was prepared and a test piece is left in the clean roomand exposed
to the air circulating therethrough. Before being left, the test piece was
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: filter 11 and removes particulate impurities. This filter
12 is also constituted with materials which do not generate
any gaseous organic impurities.

The outdoor air is suitably supplied to the under-
floor portion 4 through an outdoor air intake path 20. In
this outdoor air intake path 20, there are provided a filter
21 which includes hydrophobic zeolite for removing gaseous
organic impurities contained in the outdoor air, and a unit
type air conditioner 22 which is disposed upstream from the
filter 21, and performs removal of dusts in the outdoor air

W, andcontrolsthetemperatﬁreandhumidity(ﬁ?theoutdoorair.
A humidity sensor 27 is set up in the outdoor air intake path
20. A valve 29 for regulating a water supply pressure in the
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 hﬁmidity 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

N 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 filter 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



Each of filters installed in the clean roomincludes a honeyconb structure,
to the surface _of whi hydr ophobi ¢ zeolite powder is firmy fixe

cont act angIFeTmsf?Qg ed imedi ately after rinsing the test pi eqc,a/i-gid

al so neasured after exposing it to the clean roomair 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 neasurenent - 3-
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members are made of aluminum. The outer shape and dimension

of the filter 11 may be arbitrarily designed to meet the
space available for accommodating it.

Now, a brief explanation will be made about an
exemplary method for manufacturing the filter 11. Inorganic
fibers (ceramic fibers, glass fibers, silica fibers,
alumina fibers), organic material (mixture of pulp and fused
Vinylon), and calcium silicate are mixed at a weight ratio
of 1:1:1, and a paper—thin filtering sheet with a thickness
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



was 3120nferr] and the air circulation rate was set as 100 tines per

hour .
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itself may act as a gaseous organic impurity source.
In the next, another method for manufacturing the
filter 11 will be explained in the following. Up to the

‘formation of the honeycomb structure 32, all the

manufacturing steps are identical to those which are
described in the above. In the above example, the porous
honeycpmbstructureisimpregnatedwithhydrophobiczeolite
powder with a grain size of several microns. In this example,
granular hydrophobic zeolite is fixed to the surface of the
honeycomb structure 32 by using a proper adhesive. Fig. 3
is an enlarged cross sectional view of the filtering media
used for the filter 11 in the current example. The granular
hydrophobic zeolite 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,
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circunstances where n iiher filter accordlng to the invention, nor
convent i ona|F'ENE!Pﬁ@92f§ lter was installed in the clean room nar‘reqa/m%o

speci al counternmeasure was taken agai nst gaseous organic inpurities
contained in the clean roomair. According to the experinments by the
inventors, it has been statistically determned that a contact angle of

3[err] in aygy 'f»n”@ Swb el %é&%ﬁtﬁﬁ@&@w{oﬁheaﬁe% I%'e%@‘kaa’lﬂ pure

wat er droplet ropped eregn en measuring Lt 1mme ely after r|nS|ng
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circul ating dHhﬂlhﬁhP' Q‘dfltréiomrelltylhg aghUNgitle t Naif Itanoefiele aaQ(tfitv%Q:tedinm €
of Iess than 6 aft
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if the filter 21 for filtering the introduced outdoor air
has the same constitution as the filter 11 for filtering the
circulated air, safety from the standpoint of disaster
prevention can be still further enhanced comparing to the
case of providing the prior art chemical filter relying on
the inflammable activated charcoal at the outdoor air
intake. .
s An ordinary medium efficiency air filter, a HEPA
filter, and an ULPA filter which are well know as a particle
filter, generally employ a base filter media containing a
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 example,
the number of filters as installed is reduced to a half of



t her eof caused by gaseous organic inpurities. | Fi g. 26 i.s a gr aph
showi ng results of contact angle neasurenent, nore specifically t cont act
angl e chang@“ﬂﬁggsgﬂggﬂgssage of tinme which was neasured after peEﬁ@F ng
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 92N yhQQR RYQY LERH Wnt R hGORMYAN dodm ANQE Gdlown litneFS.g.and (3)
in the air circulating throug thgfc%%ﬁn room ji.ncl udi ng n093%EC|aI means
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exposur.e te&PﬁlmPPﬁ t eré%%a@%&l rone e v

A source of contaminants contaminating the substrate
surface of LSI, LCD, etc. can exists even in the clean room
in which they are manufactured. Because the clean room can
not help being constituted with materials including such
contaminants and using things containing the same. In

L general, high-molecular organic compounds having a high
boiling point are considered to act as a source of hazardous
organic contaminants, 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 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



Fassage of time, however the adsorption ability of the hydrophobic zeolite
ayer gradually went down, so that there was increased the concent Lon of
gaseous orgﬁ%@ﬁﬁ%’&dmes in the air passing through the adsorpt iiﬁi(}iyer.
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words, the contact angle of the test piece exposed to the air for a preset

period of time was increased with increase of tinme the air

passes through
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the equilibrium concentration the clean room 1’ can reach
finally, becomes higher than that which the clean room 1 can
do. Accordingly, comparing to the clean room 1 of Fig. 1,
the clean room 1’ of Fig. 5 includes such a disadvantageous
feature that it needs a longer time for reducing the organic
substance concentration and that the concentration it can
realize.-is higher than that which the apparatus 1 can do.
However, considering the initial installation cost of the
filter 11 and also maintenance cost for inevitable
periodical replacement of the same, it might be worthy of
taking account of such arrangement as the clean room 1’ from
the standpoint of manufacturing cost reduction.

A filter 100 according to the second embodiment of the

invention will now be described with reference to Fig. 6.

This filter 100 has a structure similar to that which
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, 115¢, 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



fromFig. 26 that it takes about 6 nonths until the contact angle of the

test piece exposed to e air (1) increases up to 6[err] , even if
3-day eXposJ? B@@pozghgeriodically performed every 15 days. On oﬁ%bﬂé%d,
in case of exposing the test piece to the air (2) filtered by the

conventional chemcal filter, its contact angle was increased up to 12[err]
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of adsorbing gaseous organic impurities and having an
‘effective pore diameter larger than that of zeolite, for
instance clay mineral, diatom earth, silica, alumina,
mixture of silica and alumina, aluminum silicate, activated
alumina, porous glass, etc. After this treatment, the
. honeycomb structure 112 is further treated by heat at 300C
for about one hour. With this heat treatment, zeolite powder
is firmly fixed to the entire surface of the honeycomb
structure 112 using the inorganic substance (binder), and
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 inorganic 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
honeycomb structure 112, all the manufacturing steps are



al so went down with increase of tine the air flows therethrough. The
contact angl.e t t piece exposed to the air filtered with t
conventioanqﬁﬁg%ﬁﬁpkgilter was increased up to 20[err] when 6 nﬁ#ﬁﬁgzhas
passed. Vari ous studi es have been nade on hydrophobic zeolite.

known wel |, main conponents of zeolite are silica (Si(Jerr]) and alun1na
(‘(Al[err]O[err]3), and the relation between the weight ratio
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| the surface of the honeycomb structure 112 by using a proper
adhesive. When forming zeolite pellets using the zeolite
‘powder, this powder is mixed with an inorganic substance
which can adsorb gaseous organic impurities, has an
effective pore diameter larger than that of zeolite, and has
the function as a binder for binding zeolite powder mutually.
 When suitable amount of water and ‘inorganic adhesion
L assisting agent are added to the above mixture, there can
be obtained a viscous and plastic product like a clay which
is convenient for pelletization. The inorganic substance
used as the binder and the inorganic adhesion assisting
agent may be the same as used in the above-mentioned
manufacturing method.

Still another method for manufacturlng the fllter 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
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0.03 cc/g. FTNKIBAO02Ser to eval uate the performance of various ents
with respect to a very small quantify of organic inpurities contained in
the clean roomair (23[err]C, 40%H), a conparison study was performed

usi ng six adsorbents, which are hydrophilic and hydrophobic zeolite having
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the honeycomb structure 112. This flame retardant adhesive
is preferably a heat-resistive adhesive selected from a
polyimide or polyamideimide group. The air to be cleaned
passes through the space 117 having an approximately
semicircular cross section. Then, the honeycomb structure
112 with pellets fixed to the surface thereof 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 thoroughly
driving out gaseous organic impurity components contained
in the adhesive. The filter 100 is finished in this way.

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.

_ 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 bench, 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



to which the clean roomair was supplied at a flowrate of 3 lit./mn
Tabl e 3 indicates various conditions enployed in the experinent. :
gquantity ofFﬂR$K&§QQ2 t as charged in the colum, the section o%Eaﬂ?
~colum, the air flowrate, and flow speed are commonly set regardl ess of a
. sort of adsorbent. However, the charged density, charged vol une, charged

- depth of respective adsorbents in the colum and the time of getting in

- contact with,r %Scpe%! Vr?&%g{é)@rﬁf 4P1E ymbﬁdnée%ﬂétageanf&% gloalen Si ze

- and density o réspectl e adsar ben one ﬁ there was provided a
- cont ai ner f&ead@mitactusaty trOQM4cR fsh ﬁré§p§§¢9§ §F°3n@ liter

and was madeg]1@ipea ﬁ@%&f&éht\/\m&rbt&ﬁm@d aties @@mga&ﬁﬁqs(mrgama@emmarsltles by
itself. The §&g§l|ner nl et maiaégnnected wi t.h .t he, above- g ed col um,

and the air?P N2t R d6igedt AR taiR e thns ﬂﬁg 188 to the
cont ai ner ainaaemmv]zsr,amnﬁ f3dn tan /alglelmt fadifllides iag cllose aldhesmom

t her eof . Th% t pi. ecg?!ﬁI k%ﬁ Eggt %rfr& Over%fjtpé/xfidéﬁ{' SBHtQEfPéHd‘inf' I m

was pl aced
cassettes Zeolite, especially synthetic zeolite called as

a molecular sieve has a uniform effective pore diameter, but
it can not adsorb gaseous molecules larger than that
effective pore diameter. For instance, zeolite having an
effective pore diameter of 8 angstroms can adsorb DOP and
Y, DBP of which the molecular size is smaller than 8 angstroms
while it can not adsorb BHT and siloxane of which the
molecular size is larger than 8 angstroms. However, the
filter 100 according to the second embodiment of the
invention can adsorb BHT and 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 clay mineral
such as talc, kaolin mineral, bentonite; etc. have been used

‘ -as such a binder. Ths 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-—
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apertures, which might give an excellent gas permeability

but give less physical adsorption. The particle surface of
talc, kaolin mineral, and bentonite having been used as a
binder so far, includes not so many pore s facilitating the
physical adsorption of the gaseous organic impurities.
Application of the conventional binder like this is based
on the way of thinking that the binder should fill the role
of mechanically securing zeolite powder on the supporter
(i.e. base filter media), and that the amount of zeolite
powder supported by the supporter is to be preferably made
as large as possible while the ratio of the binder to the
zeolite powder is to be preferably made as small as possible.
In other words, the conventional binder is just requested
to support the zeolite powder on the supporter surface and
also to provide excellent vent for introducing the object
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

Tabl e



éﬁpeargnce Quantity Sort of Adsorbent & Siie Density
ar ge (g/cc) Hydrophilic Zeqli (6
angst rons) FTNK98002/S6 - Hydr ophobic Zeolite 0. 85mMm 0. %@d@
angstrons) Hydrophilic Zeolite (8 angstrons) 0.30 - Hydrophobic
~ Zeolite 0. 85mMm : 0.42 0.04g (8 angstrons) Activated Charcoal
- 0.30 - 0. 36 (coconut husk) 0. 85mm Acti vated Charcoa

?/6I6u;n30' gmeggﬁg;cg%e( Bgltr(rga\?vld‘i‘é'ﬂeqietlc.h)It can be said that the peWe#Mf
. physically adsorbing gaseous molecules is lined up in the
order of pore , meso-pore, and macro-pore, and that the
macro-pore almost does nothing as to the physical adsorption.
Fig. 9 is an enlarged cross sectional view of an adsorption
layer which is formed by fixing the zeolite powder on the
surface of the supporter with the help of the inorganic
binder in the form of a particle. The object gas to be removed
enters from the surface of the adsorption layer (contact
surface with the objective gas), further enters inside the
adsorption layer creeping in the vent apertures created
between zeolite particles and binder particles, and then
~flows out from the adsorption layer. In this way, the
objective gas will repeatedly impinges on microscopic
particles of zeolite 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 pofe being larger than the

__ effective pore diameter of zeolite and mainly falling in the
A 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 dute_rmost casing 124
and the doubled cylindrical casing further including an
inside cylindrical casing of which the double walls are



Sort of Adsorbent Area Char ged of Layer Rate

Ar ea (ce d hilic Zeolit 0. 15
. angstrons) ﬂU@NB@ﬁQQ?&ﬁELOIryerop e e cn[er;]G (6 aggglégns)

Hydrophilic Zeolite (8 angstrons) 0. 096 Hydr ophobic

- Zeolite 6.5 3 01/n1n (8 angstrons) Activated
Char coal . 0.11 - 7.4 (coconut husk) Activated Charcoa
0.078 rrov {dRE! WU nud é £10F vent openings 123. Pellets 121 are

formed by pelletizing zeolite powder with the help of an
inorganic substance as a binder. This inorganic substance
has pore s on its surface, the size of the pore being larger
than the effective pore diameter of zeolite and mainly
falling in the range defined as a so—called mesonoré or
pore . The space between the double walls is filled up with
the pellets 121, thereby forming a pellet filled cylindricai
adSorption layer. The object air to be cleaned first flows
in the inside of the doubled cylinder case 122 and then flows
out through the space between the doubled cylinder casing
122 and the outermost casing 124 after passing through the
pellet filled cylindrical adsorption layer, following the
arrows 113 as shown.

Accordingly, the filter 100 is formed by fixing an
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 pellets as mentioned above.
— Montmorillonite is a clay mineral having a chemical

composition described as Al,Siz(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
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Contact Tine_ Sort of Adsorbent Fl ow Speed (sec) Hydr ophi.l i
Zeolite (6FEANEOBOALP 3. 4m's 0.0014 Hydr ophobi %L#ite
(6 angstronms) Hydrophilic Zeolite (8 angstromns)

- 0.0019 Hydrophobic Zeolite

physically adsorb BHT and siloxane which have a molecular
size larger than 8 angstroms and can not be adsorbed by
zeolite.

" In case of talc, kaolin mineral, and bentonite having
been used as a binder so far, the macro—pore thereof has a
large volume, but the micro- and meso-pore have a small inner
surface and volume are so small that their physical
adsorption power is small, naturally. On one hand, sepiolite

~which is a kind of fabric porous clay mineral includes the

pore of 10 angstroms and the meso—pore of 200 angstroms, and

their inner surface and volume are large, so .that their

\'; physical adsorption power naturally becomes large. Acid-
treated montmorillonite, synthetic stevensite, synthetic

amesite, synthetic fraipontite, a complex of fine silica
particles and micro—crystals of aluminosilicate such as
syntetic fraipontite, etc. has a large physical 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



(8 angstrons) Activated Charcoal (coconut husk) '
0.0022 Activated Charcoal (petroleum pitch) él
Fig. 28 shoWINKYBaB/Sthowi ng the contact angle change with passa&%yih time
Wi th respect to above-nentioned 6 adsorbents. Al 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
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static electricity of cation corresponding to the number of
aluminum atoms in the skeleton texture of zeolite. If a
weight ratio between silica and alumina contained in the
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zeolite crystal (Si0,/A1,0,) increases, the number of

cations is decreased, thereby the crystal becoming more
hydrophobic. Up to the stage where the ratio Si0,/Al1,0; is
2 through 5, the crystal shows a hydrophilic nature. If the
weight ratio Si0,/A1,0, is around 20 or exceeds this value,
the hydrophilic nature of the zeolite disappears and the
hydrophobic nature dominantly comes out.

Fig. 11 is a graph showing the relation between the
weight ratio of Si0,/Al,0, and the moisture adsorption
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 Si0,/A1,0, becomes more than 80. Fig.
12 shows a moisture adsorption isotherm of hydrophobic

.zeolite when Si0,/Al1,0, 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 0.1lcc/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%.



whi ch was exposed, imedi ately after rinsing it, to the clean roomair

passi ng through _an adsorbent which is hydrophilic zeolite with and? ctive
pore di anmet 9 Q%égirons. A curve 445 shows the contact angle e of

the test piece which was exposed, imediately after rinsing it, to the
cl ean room air passing through an adsorbent which is hydrophobic zeolite
with an effective pore dianeter of 6 angstrons. A curve 446 shows the

gg?aggt angl e chapgeople thtid, it faWWPSWP#Esble to use hydrophilic
zeolite. Silicon wafer handled in the clean room or the like
is more or less oxidized naturally and carries a natural
silicon dioxide film on its surface, so that the silicon
wafer surface becomes hydrophilic. Also, it is known well
that the glass substrate handled in the similar working
space is hydrophilic due to the physical properties of glass
itself. Such organic impurities that exist in the clean room
air and contaminate the'hydrophilic surface of the silicon
wafer covered by the natural silicon dioxide filim and the
glass substrate, have a hydrophilic group which has a good
affinity for the hydrophilic surface. In short, previously
described organic surface contaminants are high molecular
hydrophobic organic substances which have a high boiling
point and a chemical structure like a double-bonded carbon
and a benzene ring, thus having a hydrophobic 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 5 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



_test piece which was exposed, inmmediately after rinsing it, to the clean
roomair passin throu an adsorbent which is hydrophobic zeolit

ef fective pgr'léN §%£]of 8 angstroms. A curve 443 shows the con&gﬁﬁgngl e
change of the test pi ece which was exposed, imediately after rinsing it,

to the clean roomair passing through an adsorbent of which the main

. conmponent is activated charcoal nmade of a natural raw material. A curve 444

shows the coulath 1avQl exphanaeish {HerdLpoupivdan bhisii vasd caRELdst,
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diameter preferably falls in the range of meso—-pore diameter
or pore diameter as defined previously. City water is added
to and mixed with zeolite powder and the binder i.e. the
above selected inorgariic substance, thereby forming a
clayish mixture. This clayish mixture is processed with the
\_/ help of a pelletizing machine to produce pellets having a
‘diameter of 0.3 to 0.8mm. The pellets are then blown against
the supporter with high speed air jet. In this case, the
surface of the supporter is treated in advance by an
inorganic flame retardant adhesive. It is 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
N 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



(activated charcoal nade of a natural raw material) > the curve 445
(hydrophobic zeolite with an effective pore dianmeter of 6 angstro t he
curve 441 HETNES$AORIRGzeolite with an effective pore dianeter of 102
angstrons) > the curve 444 (activated charcoal nade of a synthetic
material ). The activated charcoal made of a synthetic nmaterial has a

e?Pecially poor adsorption power. 2. Hydrophilic zeolite with an
effective p e |
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442) ﬁay Wm{ﬁznbln&er for formlng the first adsorption layer 125 is
different from that which is used for forming the second
adsorption layer 126, and it is not always required to have
the ability to adsorb gaseous organic impurities.
Furthermore, the effective pore diameter of the inorganic
substance used as the binder for forming the first
adsorption layer 125 may be smaller than that of zeolite.
For instance, there may be used clay minerals such as talc,
kaolin mineral, and bentonite which have been used as a
binder so far and include few pore s facilitating the
physical adsorptioh(xfthe 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
s 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 tale, 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



FTNKQBOOE(FG ] _ f'fl ' 61/ 102 adsorption
power until the tine o ow ng the clean roomair therethrough go to
120 hours. BINKBBRO2/SGeolite with an effective pore diameter of 4@71&0
angstronms (curve 446) and the activated charcoal nade of a synthetic
materi-al (curve 444) may maintain their adsorption power until the time of
flowing the clean roomair therethrough reaches 200 hours. 4.
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' impurities, the inorganic substance being for instance a
porous clay mineral, diatom earth, silica, alumina, a

mixture of silica and alumina, aluminum silicate, activated

alumina, porous glass, etc. Then, the honeycomb structure

112 is further treated by heat at 300°C for about 1 hour,

thereby forming the second adsorption layer. As porous clay

minerals described above, there are available hydrated
magnesium silicate clay mineral such as sepiolite and
palygorskite , activated clay, ~acid clay, activated
bentonite, a complex of micro—crystal of aluminosilicate

L and microscopic particles of silica, etc. In the way as
described above, there is achieved the honeycomb structure

112 having the first adsorption layer 125 coated with the

second adsorption layer 126. The inorganic substance used

for forming the first and second adsorption layers 125, 126

may include at least one inorganic 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
e 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



gngstrons (curve 441) with hydrophilic zeolite having an effective pore

I ameter of 8 angstrons (curve 442) in terns of the contact angle gt e
begi nni ng st _ BOOHSG use i.e. before their adsor pti on power béa'/]r{g]to
go down, it will be understood that the former (curve 441) changes the
contact angle from3[err] to 7. 8[err] while the latter (curve 442) changes
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assembly process of the filter 131. In this way, the filter
131 can be finished with materials which neither generate
gaseous organic substances, nor include inflammable matter.
It should be noted that, in this invention, the
" structure of the supporter to which the adsorbent such as
~ zeolite is fixed, is not limited to the honeycomb structure
112 as previously described in connection with Figs. 6 and
13. In the example shown in Fig. 13, the air to be cleaned
is made to flow in the direction (arrow 113) in parallel with
contact lines 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
N 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.



substances contained in the clean roomair, while hydrophilic or

hydr ophobi ¢ zeollte MA an effective pore dianeter of 6 angstro not
conpl etely FIHKO rgani ¢ substances and possibly aIIom1sone4g?
to pass therethrough. 5. Hydrophilic or hydrophobic zeolite with an

effective pore dianeter of 8 angstrons (curves 442 or 446) and activated
charcoal made of a natural material (curve 443) have better adsorption

ggfﬁgzby far thanNQerOpmHéfé wilFTNK@80Q2/se@ibed a method for

manufacturing another filter according to the invention, in
which there will be used a supporter having the three-
dimensional mesh structure such as rock wool or ceramic made
supporter which is manufactured by the method as previously
described. In this example, pelletized zeolite is fixed to
the supporter surface by means of a proper adhesive. Zeolite
pellets are made of a mixture of zeolite powder and an
inorganic substance as a binder. Then, these zeolite pellets
are coated with an inorganic substance which is capable of
adsorbing gaseous organic impurities and has an effective
pore diameter larger than that of zeolite. Coated zeolite
pellets are formed by immersing zeolite pellets in the
suspension in which the inorganic substance for coating use
is dispersed, and then dried under the proper condition. In
this case, in order to increase the mechanical strength of
the coated layer, it may be possible to add an inorganic
colloidal solution 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
A 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,



or hydrophobic zeolite with an effective pore dianeter of 6 angstrons
(curves 441 or 4456 @g%activated charcoal made of a synthetic matgeri
(curve 444) not adsorb any nol ecul ar of which size i %fgg%er
than its effective pore dianmeter. Consequently, the fact that
hydrophilic or hydrophobic zeolite with an effective pore dianeter of 8
angstronms (curves 442 and 446) has conpletely adsorbed a very small anmount
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202 and acts as a kind of a heat source. The under-floor
portion 204 is partitioned off with grated panels 215 having
a number of holes or perforations. A condensation coil of
the non-dew type 216 is arranged in the under-floor portion
9204 in order to deal with the sensible heat load of the
semiconductor manufacturing apparatus 214. A temperature
sensor 217 is set up in the return path 205 to detect the
temperature therein. A valve 218 for regulating the chilled
water flow is controlled such that the temperature detected
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



size larger than 6 angstroms but smaller than 8 angstrons.
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detected. The outdoor air introduced to the

portion 204 of the clean room 201 through the

under—floor
outdoor air

intake path 220 is introduced to the working space 202

through the return path 205 and the ceiling port

ion 203. The

air amount comparable to that which is introduced_to the

working space 202 is exhausted from an exhaust

opening 225

via a return gill 226. Although not shown, when installing
filters 100 or 131 in the ceiling portion 203 of the clean
room 201, it may be possible, as described referring to Fig.
5, to dispose them 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 filt

er 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
1o 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
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by means of its langes 320. Except the fluororesin gasket
339, all the components of these filter portions are made

of only materials which are neither inflammable nor generate

gaseous organic impurities.

Fig. 18 is a schematic exploded view of first and
second filter portions 311la and 311b. These are formed in
the almost same way as the filter 11 as shown in Fig. 2. That
is, as shown in Fig. 18, the filter 311 is formed having a
honeycomb structure 332 similar to the previously described,
namely, a plurality of corrugated sheet 330 and thin flat
sheet 331 being alternately stacked up inside a space which
is defined by aluminum frame members 335a, 335b, 335¢c, and
335d, and front and rear frame members 320, 340, so as to
have an opening against the flow direction 333 of the air
to be cleaned. In this case, as described in the above,
synthetic zeolite 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.

| at ed based on a signal fromthe hun1d|ty4§£H§%r
humi dity sensor was installed in the clean roomitself
influence is given to the relative humdity of the clean roomair

in order
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Figd 29|is a grth ﬁhom1ng the results obtained fromthe above conpari son
st udy n case of the clean roomprovided with the above chem cal
(activated EANEBBO92/8G ters, since activated charcoal well adsor #6/102

noi sture contained in the air passing through the filters, the relative
humdity of the clean roomair was nmaintained at a | evel of about 45% which
is lower by 5%than a preset value of 50% for about 2 weeks after starting
operation of the clean room during which the activated charcoal cones to
equilibriumw th nmoisture in which condition noisture is no nore absorbed
by the activated Thbleod . Contrary to this, in case of the clean room
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manufacturing L§ diatom earth 200 0.2
silica gel 400 0.61
alumina gel 250 0.60
Al,0, - 3Si0, 225 0. 60
acti’d Al,0, 300 0. 30
U porous glass 400 0.15
Sepiolite 295 0.33
acti’d clay 300 0. 37
acti’d bentonite 87 0.23

At this point, there will be briefly explained an
example of a method for manufacturing the filter portions
311a and 311b. All the steps taken until completion of the
honeycomb structure 332 are identical to those which are
described in the above. The honeycomb structure 332 for the
first filter portion 31la is immeérsed 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, etec., 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



or LCD's, static electricity is easily generated on the silicon wafer
substrate surface or on the glass substrate surface, thereby mcro | C
particul at e FIOWKAB002®G in the air being attracted to the substn%%ﬁﬁg
Surface, electrostatic breakdown being caused on the substrate surface, and
production yield being worsened. Accordingly, in the clean room provided

wi th conventional chemcal filters, a drop in the production yield took
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FTNK98002/ Sgeveral minutes, they are treated by heat at gf)07%o for one
hour, thereby finishing the first and second filter portions
311a and 311b. Silica sol or alumina sol as used in the above
treatment are a mono-dispersed suspension which contains
primary particles with a size in the order of one to several
tens nanometers. However, when the primary particles are
attached onto the surface of the honeycomb structure and
treated by heat, Silica sol or alumina sol is transformed
into silica gel or alumina gel as their three—-dimensional
aggregation. Therefore, the filter portion 311b may be
L - obtained by immersing the porous honeycomb structure 332 in
a suspension in which only the inorganic sol binder such as
silica sol or alumina sol is dispersed, and then treating
it by heat.

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. |

g 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 311a 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



gunidity coul d be mmintained at a preset value, so that there was caused no
rop in the_productio I el d. Furt hernore, another conparis

was nade onFﬁR@K %@K% control with respect to two clean roons agéﬁgyB as
shown in Fig. 30, which are provided with different air filters. The clean

room A is provided with conventional chemcal filters 450 including fibrous
“activated charcoal as its main filter nedia, and the clean roomB is
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456 for appliyineg spaeeessaoydpngtt@dtheewnyt ofathe latter arrangement,
thereby completing the first and second filter portions 31la
and 311b. '

Fig. 20 is a perspective view showing another
arrangement of the filter 311 according to the invention.
As shown in the figure, the honeycomb structure 380 is
divided into two regions by an imaginary boundary surface
which is set in an equidistant position from both ends of
the honeycomb structure 380 in such a manner that it meets
the air flow direction 383 at right angles. Pellets
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,
while 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 having an effective pore diameter larger that of
zeolite. In the example as shown, the about half upstream
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 other 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,



silicon wafer before formng a gate oxide filmthereon. On one hand, in the

clean room B, there i rovi ded a device 457 for applying a silici
process to FWJK?WQ%%G?MH. The above two cl ean room A and B ar égglé)gr at ed
under the condition in which the anbient tenperature and relative humdity

are preset at 23[err]C and 50% respectively. Tabl e 4 shows an
al |l owabl e concentration of chem cal contam nants (ppt) necessary for the 25
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publ i shed by ,gEMARECH1GYeP sAmayobeMiyrabd €9%her overlapping with or
being separated from each other in the vicinity of the
boundarybetweenupstremnanddownstreamregions381and382.
The filter 311 according to the invention can be completed
by inserting and fixing the honeycomb structure 380 to such
a aluminum frame as shown in Fig. 19. The upstream side 381
of the honeycomb structure 380 as framed corresponds to the
first filter portion 311a while the downstream side 382 of
the same corresponds to the second filter portion 311b. When
L installing the filter 311 in the clean room, it may be
arbitrarily determined which filter portion, the first
filter portion 3lla including synthetic zeolite or the
second one 311b including the inorganic adsorbent, would
take an upstream position with 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 still 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
inorganicmateriallgyermadeof:nlinorganicadsorbentover
the first adsorption layer as the second édsorption 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
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first filter portion 370a includes a hollow cylindrical
casing 372a filled with pellets 371la made of synthetic
zeolite, the casing 372a having outer and inner walls which
are provided with a lot of vent apertures 373. Similarly,
the second filter portion 370b includes a hollow cylindrical
casing 372b filled with pellets 371b made of the above-
mentioned inorganic adsorbent, the casing 372b having outer

and inner walls which are provided with a lot of vent

apertures 373. As each bottom of both casings 372a and 372b

is closed, the air to be cleaned first passes inside—out

through the pellet filled layer (371a) of the casing 372a.
Then, the air flows through the space between the outer wall
of the casing 372a and 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

casing with pellets, and I517%1:3ZWQS a cr§99 sdOPi HPY1 E,qremat ion
25% 7;(3/ 2/ d1 , 000

dken 98 bme B-B of the Fig. %a. The filter 370 is compose

of the first and second filter portions 370a and 370b. The
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table 4, the values underlined indicate that a strict control sho e
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roomA an Einhgrfhgdﬁkggncity water to this mixture thereby forming
a clayish mixture, and producing pellets having a diameter
of about 0.3 to 0.8mm from the clayish mixture by means of
a pelletizing machine.

As described in the above, since the filters 311 and
370 includes nothing inflammable as its constituents, if
these filters are installed in the ceiling portion of the
clean room or the like, 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.

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



room A, the chenmical filters 450 installed therein well adsorb noisture
contained in_the alr ssing therethrough. However, the quantity

noi sture ad¥OMK98 Eﬂ% chemcal filter is |nned|ately supplenengﬁ%lqzon1
the humdity regulatlng portion of the air conditioner unit 460 in response

to the signal fromthe humdity sensor 454 in the FTNK98002/ SG

66/102  clean room A until the chemcal filter (activated charcoal) cones

to equilibriymonithy iy St Wi ddt MY gh,CONdirdd ONcause the surface
contamination. :

In the next, there will be described various functions
and effects of the clean room and filters embodied according
to the invention.

For comparison study on ability of different filters,
the clean room air was filtered by using various kinds of
filters, and cleanliness thereof was evaluated by measuring
the change with the passage of time regarding the contact
angle between a silicon dioxide film formed on a silicon
wafer and a water droplet dropped thereon. The clean room
air to be evaluated was prepared according to four kinds of
ways, namely filtering the clean room air with respective
two kinds of commercial chemical filters, one including
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, thefeby
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



noi stgrefisbno more absor bed by the activated charcoal, i. e. for the
period of about 2 weeks. Consequently, the relative humdity int ean
room can beFENRIOOWECat a value of 50%as initially preset. Congs to -
this, in case of the clean roomB provided with no chemcal filter, the
hum dity sensor 455 as set therein honestly displays the influence of
excess water supplenented fromthe hum dity regulation portion of the air
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The following can be read from the measurement results
shown in Fig. 24. The ion exchange fiber is mainly used for
adsorbing and removing water—soluble inorganic impurities,
so that it can not adsorb any organic substances. Conversely,
it can even generate gaseous organic substances. Therefore,
when leaving a test piece (silicon wafer covered with
silicon dioxide film) all day long in the clean room air
filtered by the ion exchange fiber filter, the contact angle -
shows increase of about 10° . On one hand, in case of leaving
the test piece 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 filters, 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 why 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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RoCagetof mhke past sar€atiel feee from organic contaminants.
Each of filters installed in the clean room includes a
honeycomb structure, to the surface of which hydrophobic
zeolite powder is firmly fixed. The contact angle was
measured immediately after rinsing the test piece, and also
measured after exposing it to the clean room air 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. In this 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 200m3/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-méentioned 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 1kg 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

cl ean.r.oom ai.r _for gws
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only materials _generating no gaseous organic inpurities, the contact_angle
makes such f’@ﬂ%lgﬁog e as 3[err] to 4[err] even after the 3-da)55/102
~exposure. This nmeans that gaseous organic inpurities are al nost adsorbed
and the particle filter does not generate any gaseous organic inpurities by
“itself. On one hand, in case of the conventional particle filter formed of
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exposure. 1invention, nor conventional chemical filter was 1nsta11e&/
in the clean room, namely, no special countermeasure was
taken against gaseous organic impurities contained in the
clean room air.

According to the expefiments 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 3-day exposure test is a requirement necessary
for preventing quality of product from deterioration
thereof caused by gaseous organic impurities. |

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 perfdrming
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.



Furthernore, the contact angle change wth the passage of tine was
nmeasured when the tes plece bei ng exposed to the clean roomair “% is
filtered by FINK9SQO%BG chenmical filters: a chemical filter g@@i%'
granular activated charcoal, a chemcal filter wusing fibrous activated
charcoal, a chemcal filter using ion exchange fiber, 3 of which are
y avail able, and a chemcal filter according to the invention.
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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, its 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 having a
low boiling point, 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 test piece surface. According
to the filter of the invention, 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,/Al,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 25°C 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

as a
In



second suspension, there are dispersed activated clay powder (size: 3
m cr onet er) I nqQr gani ¢ substance whi ch absorbs gaseous organ
impurities dﬁ@N§%89ﬁ§€ﬁ§the effective pore dianeter distributes'in‘é:'yilg2
range of 20 to 100 angstrons, along with silica sol as an inorganic

adhesion assisting agent. The above-nentioned porous honeyconb
structure is first imersed in the first suspension and then dried,

%g/erlggy forrdgidded Féhgtcoal (gFTWERBWPY1SG@c/g while the same per
hydrophobic zeolite (g) was 0.03 cc/g.

In order to evaluate the performance of various
adsorbents with respect to a very small quantify of organic
impurities contained in the clean room air (23°C, 40%RH),
a comparison study was performed using six adsorbents, which
are hydrophilic and hydrophobic zeolite having an effective
pore diameter of 6 angstroms, hydrophilic and hydrophobic
zeolite having an effective pore diameter of 8 angstroms,
activated charcoal made of a natural raw material such as
coconut husk, and activated charcoal made of a synthetic

w material such as petroleum pitch. Each adsorbent of 0.04g
was charged in a column having a sectional area of 0. 15cm?,
to which the clean room air was supplied at a flow rate of
3 1lit./min. Table 3 indicates various conditions employed
'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 voldme,
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 oi'ganic
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
flow rate 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.’



adsorption |layer on the surface of the honeyconb structure. In the next,
this honeyconb struct Is again imersed in the second suspensiqn ,and
dried, therMﬁﬂpﬁg he second adsorption |ayer on the above f 584102
adsorption |ayer. The following will be read fromthe neasurenent
results shown in Fig. 32. The ion exchange fiber is used mainly for
adsor bi ng and renoving water-soluble inorganic inpurities, so that it can
not adsorb any organi c substances. Conversely, it may even generate gaseous
organic inpurities. Therefore, when |leaving a test piece all day long in
the cl ean room ai Tabillet & ed t hereby, the contact angle shows increase of
about 10[erf] . Tn case of leaving the test F)exqrégée@ay long 1n the clean
roomair fi tgred by, the aq$ve-mﬂﬂﬂynnmhmma Ki nds o act) Qahrditkar coa
filters, nolfa@étasife Adsanhentss obtgi e, despi t I%-Wa’ﬁyth}eid a[lreg‘r)ethtion
ability agalnst the organic surf@ace contam napt wggce)pecteélv y nmuch, and
t he contactaﬁggEEDEQQW%HZe%qqqﬂ§e of about 10|, eventualTly. The reason why

t hese activ

(6 angstroms) 0.30 -
Hydrophobic Zeolite | 0.85mm 0.58
(6 angstroms)
Hydrophilic Zeolite

(8 angstroms) 0.30 -
o Hydrophobic Zeolite 0. 85mm 0. 42 0.04e
s (8 angstroms)

Activated - Charcoal 0:30 - 0.36

(coconut husk) 0. 85mm )

Activated Charcoal

(petroleum pitch) 0.6 - 0.9mm 0.52

Column Volume 'Thickness Flo
Sort of Adsorbent Area Charged of Layer Ratw
(ce) (mm) ©
Hydrophilic Zeolite 2
(6 angstroms) 0.15cm 0.069 _
Hydrophobic Zeolite 4.6
(6 angstroms)
A Hydrophilic Zeolite 0. 096
(8 angstroms) . -
Hydrophobic Zeolite 6.5 3.01/min
(8 angstroms)
Activated Charcoal 0. 11
(coconut husk) . 7.4
Activated Charcoal
(petroleum pitch) 0.078 5.2




charcoal filters fail to give full play to their ability mght exist
their constituent al s such as binder, adhesion assisting ag
seal ant, and FYKP PQ&E{ i ch possibly generate a consi derabl e qua

gaseous organic inpurities.

Thus,

their adso

rption power

in

Eﬁ$¥g2(ﬁ

m ght have been

much consumed for adsorbing such gaseous inpurities generated by

- thenmsel ves. On one hand, in case of |eaving the test piece in the clean
- roomair filtered by the chenical filter according to the invention,
Pnorease i nft e contagt angl ¢ wkrobseruea | COMiACtRERex | the
? profection Pfsgg %y%o %¥%é§t >g?8§g§¥§§y t he sur(lsee9 cont afi nants was
the st i conl 8 %‘ﬁﬂéa??gcze TNl ! gatinge wab carrg aghpat as {6l owe. o
filters wereg ﬁrepas§aom@ this purpose, one ncludlnq t e _honeyconb
- structure, OHYHngﬁgbﬁ@CQegﬁﬂMy ch the first| adsorption (hydrophobic
- zeolite) la 6 angs%roms)
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
Y waSeipoSed,immediaiEIVéffeffiﬁsingit,‘ufthegléahibdm

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
to the
clean room air passing through an adsorbent which

which was exposed, immediately after rinsing it,
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
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adsorption (activated clay) layer are forned in sequence in this

and the ﬁ@NKWQQ%%&n t he honeyconb structure, on the surfac@oa'pgmhl ch
only the flrst adsorption (hydrophobic zeolite) layer is forned. The cl ean
roomair used for evaluation was contam nated with DOP, DBP, BHT, and
decanet hyl cycl openta siloxane (Dlerr]) as inpurity gases in the range of

;F\égregl ugg?réggnﬁip@ée Tw‘?u%‘?lvﬁréi‘l ePPOs e & NSl 16 BY ldfa¥t WahQhing t)vas
o the clean room air passing through an adsorbent which is
hydrophobic zeolite with an effective pore diameter of 8
angstroms. A curve 443 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 of which
the main component is activated charcoal made of a natural
raw material. A curve 444 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 of
which the main component is activated charcoal made of a
w synthetic material. '
' The following will be learned from Fig. 28.

1. Regarding excellence of adsorption power, 6
adsorbents can be lined up in 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
N 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 clean 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



filter, thereby exposing it to the clean roomair doped with the

above- nentloned | es for a preset period of time, and then t
gquantity of F(Trmﬁ §6{|r| ti es deposited thereon was neasured. Si & ?1592 Y,
this silicon wafer was again rinsed and placed downstreamfromthe filter,
t hereby exposing it to the clean roomair having passed through the filter
for the predeterm ned period of time, and then the quantity of inpurities

deposi ted tQﬁrs%‘f?;t%% g%% W @eht iR %ﬁ%%m%wﬁ%r %R%am%ﬁ QdbmbY

usi ng gas chr.omafogra mass spectronetr GC- M5 e_mneasur enent
resul ts foratlﬁetb%?é rpéshesppélwcgp (1940 §9uﬁﬁ§nt Hydsaphabdc, zapd idkown in

Tabl e 5. with Iﬁbéﬁféctlve pore df@ﬁ@ﬂ&ﬁ of 8 aﬂééﬂ%bdﬁ (curve Hugher of
Single ‘and the actlégted cﬁ2¥835 made of a syn?ﬂe{lc material
(curve 444) may maintain their adsorption power until the
time of flowing the clean room air therethrough reaches 200
hours.
4, When comparing adsorption power of
hydrophilic zeolite'having an effective pore diameter of 6
angstroms (curve 441) with hydrophilic zeolite having an
effective pore diameter of 8 angstroms (curve 442) in terms
i of the contact angle at the beginning stage of their use i. e.
before their adsorption power begins to go down, it will be
understood that the former (curve 441) changes the contact
angle from 3° to 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
h % 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 <c¢lean 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



DOP 99% 95% or  nore

DBP 93% or LEra
BHT FTNE§8002/5G 40% Derr] 627102,
43% A silicon wafer enployed for the above eval uation was of p-

type and its diameter was 4-inch. Measurement and analysis of organic
I mpurities deposited on the silicon

or hydrophobic zeolite with an effective pore diameter of
6 angstroms (curves 441 or 445) and activated charcoal made
of a synthetic material (curve 444). Zeolite can not adsorb
any molecular of which size is larger than its effective pore
diameter. Consequently, the fact that hydrophilic or
hydrophobic zeolite with an effective pore diameter of 8
" angstroms (curves 442 and 446) has completely adsorbed a
very small amount of organic substances contained in the
clean room air, indicates that the molecular size of almost
all the organic subStances contained in the clean room air
is at least less than 8 at the stage where the experiment
results as shown in Fig. 28 were obtained. On one hand, the
above fact also indicates that hydrophilic or hydrophobic
zeolite with an effective pore diameter of 6 angstroms has
adsorption power satisfiable to 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 amolecular
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 in a 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 regulateé the temperature and
humidity of the clean room, and the filter for filtering the
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performed by using an el evated tenperature gas desorption device - M5
i n conbi nat %‘(TrN @@fS@t ection efficiency of the filter against tﬁg%ﬁf ace

contami nants was determ ned by nmeans of gas chromatograph as foll ows.
The protection efficiency = (1 - (B/A)) x 100 (9 Where A: Area
of the organi c contam nant peak detected on the wafer surface placed

upstreamfr fi r, B. o} anrihe C pgnt peak
det ect ed ongg]ﬁtgla\?éf e‘lrlusehrfgg%ej. gvlae;ceerc ag\%)g?r eg%;l?rgo%d? Vhe CROETLRG T

] fi . Th
filter usedrﬁﬁil_ltaﬁ@_rabbv'@hﬁ’r@ds’iucé‘.?é’tts}"H’éd' Hnéitrh‘étliﬁrgé-‘hﬁq?é‘i i’rearstedi PRat ©
whi ch is shgug; ﬁaf'f&onﬁth%%@ﬁiﬂ?ﬂimn’ﬁ &i 6 tlsé thaum indirtey spasiofri cal |y,

this structure DeLRg1094"ee B Ssan 19k Redbd'd 1Y SfadP{dq¥eanglieet and
influence is given to the relative humidity of the clean room |
air by different filters. The intake volume of the outdoor
air was set as 200m*/min to the volume of the air which was
circulated in the clean room at a rate of 5000m*/min.
Fig. 29 is a graph showing the results obtained from
the above comparison study. In case of the clean room
provided with the above chemical (activated charcoal)

s filters, since activated charcoal well adsorbs moisture
contained in the air passing through the filters, the
relative humidity of the clean room air was maintained at
a level of about 45% which is lower by 5% than a preset value
of 50% 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
N~ 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



thin flat sheet in a alternate fashion. The filter had a depth of 10cm

al ong the dlrectlon of the air flow. The aitr passes through the f

face speed

i
APASG and the total effective sheet area per u£4fﬁ8%

at a
| ume

capabl e of actlng on the air passing through the filter (i. e. effective

- filtration area) was 3000nferr]/nferr].
first and second adsorption |layers on its surface.
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chemical filters 450 including fibrous activated charcoal

‘as its main filter media, and the clean room B is provided

with no chemical filter as such. Both clean room A and B are
communicated with each other only through their ceiling

portion (supply plenum) 451 and under—-floor portion (return

plenum) 452. However, their portions other than two plenums

are completely isolated from each other by a partition wall
453. Also, as shown in Fig. 30, a humidity sensor 454 is set
in the clean room A. In the clean room A, there 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.



montnorillonite (activated clay) powder (size:

as an inorgani c _adhesion assisting agent.

t hi ckness off T
FTNK98002/ SG
hydr ophobi c zeolite

kaolinite

silica = 70% 25% :

a fewmcron) and silica so

71/ 102

The first adsorption |ayer d a
TIOB9R0Q2/St er and the weight ratio of its first ads?%&%n

| ayer was

5% whil e the second

_ adsorptidn layer had a thickness of 10 microneter and the weight ratio of
its second adsorption |ayer was acid treated nontnorillonite.: silica.

Table 4
Max : Organic
Process Step Sit Acid Alkali Dopant
. Matter
Time

Pre—Gate 13,000 13,000 1, 000 0.1

oxidation 4 50% 50% 75% 90%

Salicidation . 180 | 13,000 35,000 1, 000

_ : 50% 25% 75% 75%

Contact 51 13,000 2,000 100, 000

Formation 24 50% 25% 75% 75%

\_ DUV 10, 000 1, 000 ( 100, 000 10, 000
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 organié 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



:h87%): ﬁS%) The weight of an entire filter is 230g per each liter, while
the wei ght of adsorption |layers is 90g per liter, which correspo o]
39% of thETlgﬂ?W&/sﬁ |ter. For conparison purpose, Table 5 sh@&:@nge
protection efficiency of the filter which includes only the above first
adsorption layer. Kaolinite has an effective pore dianmeter of nore than
1000 angstrons, so that it scarcely has ability of physical adsorption. On

one hand, aghbyaledof|Runtaq eReciH et 4P MUt i(aBR1GRtEiEERAPEDRY N Lhe

range of 20 0 angstraqns,, so that 1t is not inferior, to acgtivated
charcoal wi chmegspext ea8lilidTimsi kath adodstuirsn LB Mhieh TRENERLAANf ¢t he

honeyconb Shb4Stur@ P§ ddhdrkl éE@dSrl@éléi Byneheawlf ivHre dichtdecalr, il ew
passi ng t herethrou

Pond! { Yon 't 6OFNBRS AIob{ol BEORVE NS A oNRARLHT oD s SLREA5E only
one point thanidheyl @hmehehebean! yoohecdn risd medsorgiini e d tayevalue bds
noUNI NG cor caPoRsng e e gsRSNd INGIPR BT, (36 bRl kY A
clean room B provided with no chemical filter, the humidity
sensor 455 as set therein honestly displays the influence
of excess water supplemented from the humidity regulation
portion of the air conditioner unit 460. Namely, the
humidity of the clean room B goes up to 55% higher by 5% than
W, "~ the preset value during the abput 2-week operation.
Therefore, the silicon wafer surface excessively adsorbed
moisture and was inconveniently oxidized comparing to the
case where the humidity is kept at 50%. When operating the
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, further 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
N 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



eﬁch of DEP an?lDBP has a nol ecul ar size smaller than 8 angstrons, both of
them can be_we adsor bed by neans of hydrophobic zeolite even th he
bi nder (i.eFINEIBOOY/EG hardly shows ability to physically adsorb%?ﬂgﬁg
However, in case of BHT and siloxane (Dferr]), since each of themhas a
nol ecul ar size |arger than 8 angstroms, hydrophobic zeolite can not adsorb
them Consequently, provision of the second adsorption layer is inevitably

requi red fog &ﬁ@&”éﬁhﬁﬂf&h WrlitA16s generat?ﬁ |%06§%H@bﬁ§eofgﬁﬁhb5 of

anot her conparlson was carried out u3|n fii.lt s of vari ous
types, naneuwpvﬁﬂééeﬁhl¢bﬁscaéééﬁ@|ﬁ§g@6 pake s i, @&lfc €oP5t he

;nventlon h%“'&% qm)@ﬁ%ﬁ”éf?eﬁdﬁﬁépBFqﬁy|@Mﬁbsﬁﬂﬁitﬁknélméens hhumng t he
i rst and second adsorptipon | ayers

gaseous organlc impurities are almost adsorbed and the
particle filter does not generate any gaseous organic
impurities by itself. On one hand, in case of the
conventional particle filter formed of materials which
generates gaseous organic impurities, the contact angle

makes such a little larger change as 3° to 5° after the 3-day
exposure.

Furthermore, the contact angle change with the
passage of time was measured when the test piece being
exposed to the clean room air which is filtered by 4
different chemical filters: a chemical filter using
granular activated 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
suspénsion, there are dispersed a mixture of hydrophobic
_ zeolite powder (size: 4 micrometer; effective pore
e diameter: 8 angstroms; Si0,/A1,0,: 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
efféctive 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
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formation order _on the honeyconb structure surface is altered.

Table 6 GaEANKIB0@2/SCer "Filter Filter Filter Filter Fo8(192

| mpurity A . A B C D E DOP

98% 95% 98% 95% 98% -

or nore

adsorption layer on the surface of the honeycomb structure.
In the next, this honeycomb structure is again immersed in
the second suspension and dried, thereby forming the second
adsorption layer on the above first adsorption layer.
The following will be read from the measurement
results shown in Fig. 32. The ion exchange fiber is used
mainly for adsorbing and removing water—soluble inorganic
impurities, so that it can not adsorb any organic substances.
Conversely, it may even generate gaseous organic impurities.
Therefore, when leaving a test piece all day long in the
clean room air filtered thereby, the contact angle shows
increase of about 10° . In case of leaving the test piece
all day long in the clean room air filtered by the
above-mentioned two kinds of activated charcoal filters, no
favorable result was obtained despite that their protection
ability against 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
o/ 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



DBP 98% 95% 98% ' 95% - 98%
or nore BHT 85% 30% 60% 85% 30% 0
Derr] FTNE98002/SG3504 65% 90% 35% 65@09%Q

In Table 6, a filter A according to the invention includes the first
adsorption |ayer formed of hydrophobic zeolite and the second adsorption
| ayer fornmed of acid - treated nontnorillonite (binder), the first adsorption

| ayer bei ng_fi.rodyy 4 h t urgf d
adsor pt i on F§§8?%x§4§?¥hﬁfbﬂ falk@Igugead Stdy¥c yé?e? aﬁyX¥?§$?%ﬁQ?gger

and the air SBEUSHCPadED] nt}lt%?gig{ G\X&I ﬁ%{iﬁgfﬂg Pé%ésfiﬂ%ﬂﬁﬂ%%e@& t he
second adsohphie92omb structure, on the surface of which only the first :
adsorption (hydrophobic zeolite) layer is formed. The clean
room air used for evaluation was contaminated with DOP, DBP,
BHT, and decamethyl cyclopenta siloxane (D;) as impurity
gases in the range of several hundreds ppt to several ppb.
Rinsing the silicon wafer, it was placed upstream from the
filter, thereby exposing it to the clean room air doped with
the above-mentioned impurities for a preset périod of time,
and then the quantity of organic impurities deposited
thereon was measured. Similarly, this silicon wafer was

again rinsed and placed downstream from the filter, thereby
exposing it to the clean room air having passed through the
filter for the predetermined period of time,- and then the
quantity of impurities deposited thereon was measured.
These measurements were carried out by wusing gas
chromatography-massspectrometry(GC—MS).Themeasurement
results for the protection efficiency [%] as mentioned later,
are-shown in Table 5.
Table 5
Gaseous Filter of Filter of Single
U Impurity Invention _ Layer
DOP 99% 95%
or more
DBP 99% 93%
or more
BHT 85% 40%
Ds 90% 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



| ayer and the first adsorption layer. Afilter A" is a filter having an

| ayer formed of only hydrophobic zeolite firmy fixed e
honeyconb sFTﬁH‘ 1 haﬁyg an

layer firmMly fixed to the honeyconb structure surface,
t he adsorption |ayer being forned of a m xture of. hydrophobic zeolite,

adsor ption

adsorption

WO/ ace. A filter B accordi ng to the inventio

treated nontnorillonite (binder), and.alum na sol (inorganic adhesion
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F }
desorption device and GC-MS in combination. The protection

efficiency of the filter against the surface contaminants
was determined by means of gas chromatograph as follows.

The protection efficiency = (1 - (B/A)) x 100 (%)

Vhere '

A: Area of the organic contaminant peak detected on
the wafer surface placed upstream from the filter, and

B: Area of the organic contaminant peak detected 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 treated
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

acid
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which corresponds to 39% of the entire filter. For

comparison purpose, Table 5 shows the protection efficiency
of the filter which includes only the above first adsorption
layer. Kaolinite has an effective pore diameter of more than
1000 angstroms, so that it scarcely has ability of physical
L adsorption. On one hand, activated clay has an effective
pore diameter distributing in the range of 20 to 1000
angstroms, so that it is not inferior to activated charcoal
with respect to its physical adsorption ability. The shape
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
N~ hydrophobic zeolite even though the binder (i.e. kaolinite)
hardly shows ability to physically adsorb them. However, in
case of BHT and siloxane (Dg), 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



in Fig. 9 or 15 in such a manner that the height of the cylinder
corresponds _t o e thickness of the adsorption layer. In the figur s her e
is al so shodﬂmgkgagpgﬁﬁﬁbution nodel . of pore s and neso-pores whic é
contribute to adsorption of inpurities. Also, in each figure, the
supporter (e.g. honeyconb structure) is not shown. In the filter A as shown
in Fig. 33, there are fornmed the first adsorption |ayer 551 nade of

hydr ophobi ¢ &feehgkﬁ P@ymaglaﬁ &F 4 &£ 1dn’ 8hB % &n &Y 85%b &t Al c AP 51 troms
and the secaond sorption layer 552 made of acid treated nontnorillonite
havi ng an efiffe@litRrgfbre di aneter of about 15 to 300 angstronms. The filter
A" as shown in Fig. 34 includes a single adsorption |ayer 553 nade of

hydr ophobi c zeolige aving an effective pore dianeter of about 8 angstrons.

In the filter B a in Fig. 35 there is fornmed a single adsorption
| ayer 554]in which fydrophobilc zeolitp having fan effectli ve pore|di ameter| of
about 8 angéasenuscqeRidterwithibkten | Mdditer noFdddeir || ofileenayihigl ter
effective| Mffirity A A B C D E
DOP 98% 95% | 98% 99% 95% 98%
or more
. DBP 98% 95% 98% 99% 95% 98%
\_ : or more
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 pf acid
treated montmorillonite (binder), the first adsorption
layer being firmly fixed to the honeycomb structure surface,

k“': 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. A filter 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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about 15 to 3 In the filter C as shown in Fig. 36,

formed the fEi%ﬁf§§§9§#§§Bon | ayer 555 made of hydrophobic zeolltehﬁgspig an
effective pore dianeter about 8 angstrons and acid treated

nmontnori |l l onite having an effective pore di aneter of about 15 to 300
angst rons, and the second adsorption [ayer 556 nade of acid treated
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surface of the filter B. A filter D is formed by changing
the adhesion order of the first and second adsorption layers
of the filter A onto the honeycomb structure surface, thus
the first and second adsorption layers being formed of acid
treated montmorillonite (binder) and hydrophobic zeolite,
- respectively. A filter E is formed by changing the adhesion
order of the first and second adsorption layers of the filter
C onto the honeycomb structure surface, thus the first and
second adsorption layers being formed of acid treated
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—pores which contribute to
adsorption of impurities. Also, in each figure, the
supporter (e.g. honeycomb structure) is not shown. In the

et filter A as shown in Fig. 33, there are formed the first
adsorption layer 551 made of hydrophobic zeolite having an
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



adsorption |l ayer 560 nade of acid treated nontnorillonite having an
effective paore dianeter of about 15 to 300 angstrons and the second
adsorptlonIEQ@QKaggﬂzﬁﬂae of hydrophobic zeolite having an ef f ect | VA1 Q%re
. di ameter of about 8 angstrons. Finally, inthe filter E as shown in Fig.

. 38, there are formed the first adsorption |ayer -562 nade of acid treated
nmontnorillonite having an effective pore dianeter of about 15 to 300
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filter A (N1 0% ¢ $hadhe o38SCaRE 13 SBYSha S 2+ 1Y 19343 56 nade
of acid treated montmorillonite having an effective pore
diameter of about 15 to 300 angstroms. On one hand, in the
filter D as shown in Fig. 37, there are formed the first
adsorption layer 560 made of acid treated montmorillonite
having an effective pore diameter of about 15 to 300
W ‘angstroms and the second adsorption layer 561 made of
hydrophobic zeolite having an effective pore diameter of
about 8 angstroms. Finally, in the filter E as shown in Fig.
38, there are formed the first adsorption layer 562 made of
acid 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 angstroms. '

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 (D;)). 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
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75/ 102 T 'and 3110xane Dg, of whlch the molecular size is larger
than the effective pore diameter of zeolite, depends on the
density of the pore of which the effective pore diameter is
larger than that of hydrophobic zeolite and is distributed
on the surface of the absorption layer directly getting in
contact with an object gaseous impurities. Next, let us
consider which is to be first formed on the surface of the
supporter (e.g. honeycomb structure), an adsorption layer
(I) made of the adsorbent which can be deposited on the
supporter surface and has a relatively low density of the
" pore of which the effective pore diameter is not suitable
for adsorbing large molecules such as BHT and siloxane (D),
thus being less effective for large molecules, or an
adsorption layer (II) made of the adsorbent which can be
deposited on the supporter surface and has a relatively high
density of the pore suitable for adsorbing large molecules
~such as BHT and siloxane (D;), 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
N~ 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
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completely saturated with  the adsorbed gaseous
1mpurities, in other words in terms of its 1ife time. Factors
determining the 1life time of the filter are the total volume
and area of pore s and meso—pores which are constituting an
adsorption layer and contribute to physical adsorption of
W, gaseous organic impurities. Accordingly, in order to obtain
a filter with a long life, its first and second adsorption
layers should be designed so as to include adsorbents which
are selected such that the total volume and area of their
‘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,
A 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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For comparison study, after replacing the filter
including a hydrophilic zeolite adsorption layer by a
conventional chemical filter of the felt type which is
composed of fibrous activated charcoal and a polyester
binder, the 3-day exposure cycle was also repeated every 15
days with respect to the test piece similar to the
above-mentioned. In this case, the fibrous activated
charcoal of 1kg was used to the air flow at a rate of 1m®/min.
For further comparison study, the 3-day exposure cycle was
also repeated every 15 days with respect to a similar test
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:
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never denie rt of the first adsorption |ayer. Adsorption
ef ficiency ggi‘%m%%&?abl e 6 indicates the results of measurenentd/102
obt ai ned before each of filters is saturated with adsorbed 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
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circulating through the <clean room provided with
conventional chemical filters, and (3) the air circulating
through the clean room including no special means against
gaseous organic impurities. As will be understood from Fig.
39, the test piece exposed to the air (3) increased its
contact angle from 3° (immediately after rinsing) to 29°
- 33° after the first 3-day exposure test. In case of
exposing the test piece to the air (1) cleaned by the filter
having the hydrophilic zeolite adsorption layer, the

i 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 hydrophilic =zeolite layer
gradually went down, so that there was increased 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 6f 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
b 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 gaé 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
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as measured at an ambient temperature of 25°C with respect
to hydrophilic zeolite having an effective pore diameter of
10 angstroms and activated charcoal made of coal. Activated
charcoal is easily saturated with moisture with a small
increase in the relative humidity of the ambience. For
instance, if a fresh chemical filter (activated charcoal)
adsorbing no moisture yet is kept in a compartment of which
the inside relative humidity is maintained at 20% and is then
abruptiy transferred to and installed in the clean room
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
0.11cc/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



test, the contact angle was first nmeasured i medi ately after rinsing the
test piece, aﬁﬂgKﬁﬁﬁg sured after exposing it to the air of the Clﬁ@g

room f or &ﬁ; determ ning increase in the contact angl ed
by this 3- day exposure. This 3-day exposure cycle i. e. rinsing - contact

angle neasurenent - 3-day exposure - contact angle measurenent, was
repeated every 15 days, thereby neasuring the adsorption ablllty change of

the filter Winldynds RATSRIENSE Tthaerel’faec Neovxwﬁ@l@; EBRtAbY 6iff adeat i ng

|n the Clean1roomwas S di turbed ??owergh) by the excess moisture

77/ 102 clean room is s y
adsorption by the chemical filter, especially at the initial
stage of clean room operation after installation of fresh
chemical filters therein.

Accordingly, there is no need to perform such a very
complex work as previously described in connection with the
conventional chemical filter using activated charcoal, for
instance surveying the relative humidity and temperature of
client’s clean room before shipping the filters, and then
intentionally humidifying the filter (activated charcoal)

U to meet the temperature and humidity of the client’s clean
room and further air-tightly packing the humidified filters
for shipping thereof. Since relative humidity of less than
20% stands for extremely dried circumstances, the ordinary
working space is air-conditioned not with such a very low
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
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of the clean room is maintained at a level of about 45% lower
by 5% than a preset value of 50% for about 2 weeks after
starting operation of the clean room, during which the
activated charcoal is saturated with moisture. On one hand,
in case of the clean room provided with the chemical filter
(hydrophobic zeolite) of the invention, since hydrophilic
zeolite hardly adsorbs moisture contained in the air passing
through the filters, the relative humidity of the clean room
can be maintained at a level of 50% as preset initially.
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 31la
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 and 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.
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some extent from the surface of the substrate which is
exposed to the air circulating in the clean room, so that

these can not be removed by the first filter portion 311a.
Consequently, these have to be removed at least by means of

the second filter portion 311b. '

As shown in Fig. 17, the first and second filter
portions 31la and 311b were made to have a structure which
is formed by alternately stacking the corrugated sheet and
the thin flat sheet so as to form a multiple layered
structure of them. The filter assembled 1ike 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?/m3.

The honeycomb structure for the first filter portion
311la was formed by immersing the above-mentioned porous
honeycomb structure in a suspension and then drying it, the
A% suspension including dispersoids, which are synthetic

zeolite powder having an effective pore diameter of 8
angstroms and 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 311b 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
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a grain size of 3 micrometer, and silica sol as an inorganic
binder. Activated clay has physical adsorption ability
cbmparable with that of activated charcoal with respect to
gaseous organic impurities.

In the first filter portion 31la, the thickness of
synthetic zeolite layer was 100 micrometer, and the weight
composition of the same was: synthetic zeolite : kaolinite :
silica = 70% : 25% : 5%. In the second filter portion 311b,
the thickness of activated clay layer was 10 micrometer, and
the weight composition of the same was: activated clay
silica = 87% : 13%. In both of filter portions 311a and 311b,
the weight of an entire filter is about 250g per each liter.
In the first filter portion 31la, the weight occupied by
inorganic material layer is about 90g per each liter ( about
36% of the entire filter weight), while in the second filter
portion, the same is about 9g per eac'h 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 Dbecause 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 'activatéd charcoal as an
adsorbent. However, an inorganic adsorbent such as
activated clay is hydrophilic in itself, and shows
adsorption and desorption of moisture comparable with
activated charcoal, so that it is preferable and necessary
to lessen the 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
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second f11ter portion 311b can be much less than that of
synthetic zeolite used for the first filter portion 31la.
Fig. 41 is a perspective view of a storage compartment
591 constructed or installed in a clean room 590, on the
ceiling of which the filter 311 according to the invention
\_ is installed along with a fan 593, a HEPA filter 594. Another
' fan 595 takes in the air of clean room 590 into the storage
compartment 591 from a clean room 590 through a air inlet
596, and the clean room air 599 is further cleaned through
the filter 311 and fills up a working 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
N 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



even after the first 3-day exposure test. This might be possibly caused by
gas origina ester which is used as a binder for supportj

~activated fmggh%%al . Accordingly, this gas flows out dovvnstqgég&f rom

~the chemcal filter without being filtered, and directly contam nates the

surface of the test piece |located downstreamfromthe filter. In case of
the conventional chemcal filter, the adsorption ability of the activated

%Egrcoal aL?ﬁ%ﬁﬁyt/%gmfﬁéh increase of tinme the air flows there;g;gggh
% e air inside the working space 597 was flowed
according to arrows shown in Fig. 41, namely flowing through
grated panels 601, an under-floor portion 602, a return path
603, and then back to the ceiling portion 604. In the storage
compartment, the air was circulated at a rate of 20m®/min.
In order to form necessary adsorption layers for filtering
this circulating air, synthetic zeolite of 2kg was used for
the first filter portion 31la of the filter 311 while
activated clay of 0.2kg was used for the second filter
portion 311b of the same. The quantity of the clean room air
Q/, 599 introduced to the storage compartment was set as
0.8m%®/min., which stands for 4% of the amount of the
circulating air 598, and the air equivalent to that which
was taken in, was exhausted out of an air outlet 600. The
total capacity of the storage compartment was 12m® and a
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
N2 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.



contact angle of the test piece exposed to the air filtered with the
conventi ona ' |lter was increased up to 20[err] when 6 ngﬁ%ﬂﬁ%
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characteristic of hydrophilic zeolite. Fig. 40 shows a noi sture adsorption

| sothermwhich is derived fromthe data as neasured at an anbi ent
tenperature of 25[err]C with respect to hydrophilic zeolite having an
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invention, (B) the filter formed of only the filter portion
311a, and (C) no special means taken against gaseous organic
impurities.
As will be understood from the Fig. 42, the test piece
exposed to the air filtered by (C) increased its contact
Y angle from 3° (immediately after rinsing) to 29° - 33° after
the first 3-day exposure test. In case of exposing the test
piece to the air filtered by (A), the 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
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 1is, 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
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1n1:ake opening 59 It should be noted that the air flow path

in the storage compartment 591’ (Fig. 43) was different from
that in the storage compartment 591 (Fig. 41). The air in
the working space 597 in Fig. 43 flowed through grating
panels 601, an under-floor portion 602, and an air exhaust
opening 600 along arrows as shown. In other words, the air
flow path as shown in Fig. 43 is equivalent to the case where
the circulation path shown in Fig. 41 is closed in part so
as to allow the air to flow in one direction without 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, 1mmed1ate1y
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
S results are shown in Table 7.

Table 7
st :
Gaseous lndfl}ter 1%t filter only
Impurity +2™ filter
DOP 99% or more 99% or more
Protection DBP 95% - 95%
Efficiency BHT 90% 35%
D, 90% 40%

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



filter. Consequently, there wll not be caused such
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 disturbed (lowered) by the excess noisture adsorption by the chenical
~filter, especially at the initial stage of clean roomoperation after
installation of fresh chemcal filters therein. Accordingly, there is
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using an elevated temperature gas desorption device and
GC-MS in combination. The protection efficiency of the
filter against the surface contaminants is determined by
means of gas chromatograph as follows.
The protection efficiency = (1 - (B/A)) x 100 (%)
Where | '
A: Peak area of the organic contaminant detected on
the wafer surface placed in the clean room air, and

B: Peak area of the organic contaminant detected on

\ the wafer surface placed in the storage compartment air.
As will be apparent from Table 7, two of 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 formed 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 311a, 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 311a, 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
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clean room. While a silicon wafer is handled in the clean
room, silicon is generally so active in itself that it is
more or less naturally oxidized in the air, thus a silicon
dioxide film being naturally formed on it. As a result, its
surface becomes hydrophilic. Also, it is known that glass

\_ substrate handled in the clean room or the like shows a
hydrophilic nature because so is glass in itself. Organic
substances contained in the atmosphere, which contaminates
the hydrophilic surface of a silicon wafer 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



mﬁtg conventionaL chemcal filter. One humdity sensor is arranged in the
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uni t whi ch FENESR002/PGor ne dust particles and regul ates the tenpgpatrbgre

and humdity of the clean room and the filter for filtering the outdoor
air. The water supply valve of the humdity regulator in the wunit type
air conditioner is regulated based on a signal fromthe humdity sensor.
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FTNK98002/ Sbecause of its having affinity for a hy roghﬁhbﬁ group.
However, these organic substances also include a
hydrophilic group, so that it might be the second better
selection to employ hydrophilic zeolite as an adsorbent
because of its having affinity for a hydrophilic group. In
case of using hydrophobic zeolite, it less adsorbs moisture
in the air comparing to activated charcoal and hydrophilic
zeolite. Consequently, porous structure of hydrophobic
zeolite can be advantageously used for adsorbing gaseous
organic impurities without largely losing its adsorption
\_ capacity for adsorbing moisture. Therefore, the life of
hydrophobic zeolite as an adsorbent of organic substances
is elongated by far comparing to activated charcoal and
hydrophilic zeolite which have a similar 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 moisture adsorption characteristic of synthetic
zeolite will now be discussed returning to Fig. 27, in which
there is shown a moisture adsorption isotherm of hydrophilic
synthetic zeolite with an effective pore diameter of 10
angstroms, measured at an ambient temperature of 25°C.
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 though a fresh filter of



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

5000n] er r] / IRTINKBROQZ/SE: of the clean room provided with the convetf ¥
chem cal filter (activated charcoal), since activated charcoal well adsorbs
noi sture contained in the air passing through the filters, the relative
hum dity of the clean roomis nmaintained at a | evel of about 45% | ower by

5% t han a preset; . 0 rs t f ' ghat | f
the of can T O Hﬁﬁ%‘%%i NI Y Ty R S A AILELS BB geen, o1 ©
moi sture. Olagee telridchihagabeess stored ebh Fgﬁmaﬂlroﬂ %i TR1eikd Véneni cal

filter (hydganoliy s20hbte) tRAn!S6%) MeRiiALE dive dw dndphinkitalied ite
ardly adsorbs noisture cont%ln d hn he air. passing through th% filters,
the rel ati véthanFdpep 5POBNE cPBLA rB%?n%’a‘ﬁ %Fﬁ%ﬂ%‘g S a8 T2 of 0%
as preset iglptalalty a Feamefiatee humidilty olfed0%; oohepsynittied iwi zeolite
conventlonaHa%%%n%%%H %%&% %5hd%o%%oQHenm%Q%t%E%dH%EE%ni%iQBQtEQQHeﬂlace
' upstream from the filter. Therefore, different from the case
of the conventional chemical filter, there is no possibility
that the fresh filter installed in the clean room causes such
inconvenience that it lowers the relative humidity of the
cleanroomexceedingthepresetvalueevenzﬂ:theearlystage
W, of installation thereof. '
As has been described so far, the invention has been
discussed in terms of a clean room and a storage compartment
as a small sized auxiliary clean room, which are generally
used 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 with a diameter of 300mm.
In case of the apparatus used for manufacturing such a
sophisticated semiconductor device, after introducing and



for about 2 weeks. In contrast, in case of the clean roomprovided with the

filters according to the |nvent|on the relative humdity could be

mai ntai ned &T. 02(SGal ue, so that there was caused no drop in 92402
production yield. Next, a filter 311 (Fig. .18) was actually

- manuf actured according to the invention. The first filter portion 31la was

~formed by firmy fixing synthetic zeolite with an effective pore dianeter

of 8 angstr h fure

bortion 3113"1%\':@1% %Q‘Be QEQXPBH";‘&%?P%% cﬁH@i@ﬁ? ﬂQ@ﬁG{i J}fa ‘lt cI ay)

powder of séher appmrgrcuﬁs 8 ) ltwuwenéys:wbaﬂhushbmwfh@énmﬁmml

properties %&*H¥Edﬂ”ié'éH%&ﬁhtél?'é@ﬁHY1Q&S§6'@ﬁ@ bﬁehﬁ%a@bQﬁ%ct1 n DOP
and DBP are the :qgrlt of ani ¢ contam nants f 1are tected . on the

surface of #hamhar fremzn i@er ERABISHUL A 89S A itsuR &F Iitdst he

air circul atjgfbre 1hh¢1@ltaaxrg p@@ﬁbt@hmynaaevaﬁﬁbwglafhemdaa:r gea@udinisty in
ram/naterlals ﬁy%% onV|n¥ chlori nd_of mh{
it e 31 icon wafer insi e appara

itself is so highly purified that there is no possibility

that it contaminates the surface of the silicon wafer. In

fhe inert gas

order to control supply of the inert gas, however, a valve

is provided between the chemical reaction chamber and the

inert gas supply source. Therefore, there is the possibility
o that the valve might work as a source of gaseous organic
substances. Accordingly, if the filter of the invention is
provided on way of the gas flow path i.e. between the valve
and the chemical reaction chamber, it would remove various
gaseous organic contaminants which might be generated by the
valv_e, 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 possible 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 being exposed thereto, so that the substrate



nol ecul ar size is in the range of 6 to 8 angstrons. FTNK98002/ SG

82/ 102 f synthetic zeolite with an effective pore di aneter
~of 7 angstrm&‘%ﬂgéﬁés sel ected as an adsorbent, the first filt 10{9

" portion 31la may renpve the ngjority of gaseous organic inpurities as the

substrate surface contam nants. However, BHT and siloxane (Dl err]) of which
t he nol ecul ar size Is larger than 8 angstrons are detected to sone extent

fromthe surfigge ﬂguyf%gg%{@aefﬂ@mcpeiﬁge599§§ﬂlhgtgﬁe air circulating

in the clean r oo
rr]Furthermore, according to the invention, zeolite is

employed as an adsorbent for adsorbing gaseous organic
impurities having a molecular size of less than 8 angstroms,
and properly selected various inorganic substances are
employed solely or in combination as an adsorbeht for
adsorbing gaseous organic impurities having a molecular
size of more than 8 angstroms. Accordingly:

A. The invention provides a filter which includes no
inflammable constituents. 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 fire prevention.

' B. Furthermore, the invention can provide a filter
which is formed of materials which do not generate any
gaseous organic substances causing the substrate surface
contamination. Therefore, the <c¢lean 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
conventional 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



t hese can not be renoved by the first filter portion 31la. Consequently,
t hese have to be renoved at | east by neans of the second filter portion .
311b. ASTNKORAOZBG g. 17, the first and second filter porti 18213
~and 311b were nade to have a structure which is formed by alternately
stacking the corrugated sheet and the thin flat sheet so as to forma
~multiple layered structure of them The filter assenbled |ike the above had
a depth of C I r i ) ppl i ed
To pass thr quytenaupipPE, O FEILR S PLEhSELR ieé“é*“%#%%ﬁﬁ? ot al
effective sﬁétea vanéarfp%xsnﬁn@emwbctthmglénvamlagrtm hepugh dsgh t he

filter (i.epsRfd §Stéﬁ{@11' |S§r?1¥ﬂé’£‘1@rz%%)1 MRSh3Paayl gasbtpEdisture infhe
honeyconb structure f qt’%é.&l rst ter portjion 31lla_was rrred y
t

i mrer si ng t HdeaBaT IReR 1@&15&5 Hahégf&anios BT e ithag 2 i on
and then dr whghuhidihe cospeodippa nﬁhmdnﬁgeﬂlﬁﬁﬁﬁ@edmpmm FrOm

synthetic 2qqly e RRuer 12Ving, A0 151 T S5V oY ©wd A5 Oholsture
adsorption of synthetic zeolite, thus the humidity control
of the clean room becoming much easier.
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havi ng an effectlve
agy
or the l1ike 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 a filter. . which has
a hydrophobic zeolite layer formed on its base filter
and another filter which is disposed

cl ay

paore di anmet
An air cleaning apparatus such fﬁ

fan room

media surface,
downstream from said filter having a hydrophobic
zeolite layer and is used for removing particulate
impurities contained in the circulating air.
Apparatus as claimed in claim 1, wherein the

base filter media of said filter having a hydrophobic

layer thereon is formed into a honeycomb structure and

said hydrophobic zeolite layer is firmly fixed to the
surface of the honeycomb structure.

Apparatus as claimed in claim 2, wherein said
hydrophobic zeolite layer is formed by immersing said
in which
and then

honeycomb structure in a suspension
hydrophobic zeolite powder is dispersed,
drying it.

Apparatus as claimed in claim 2, wherein said
hydrophobic zeolite layer is fixed to the honeycomb
structure by means of an adhesive.

Apparatus as claimed in any one of claims 1, 2,
3 and 4, wherein said hydrophobic zeolite has an
effective pore diameter of 7 angstroms or more.

A filter having a base filter media as a
supporter for supporting an adsorbent,

as the adsorbent for adsorbing gaseous

wherein
zeolite
organic impurities contained in an object ambience,
is firmly fixed to the surface of said supporter by
using inorganic substance as binder, said
inorganic substance having ability to adsorb gaseous

impurities and having an effective pore

an

organic
diameter larger than that of zeolite.

t he suspension including

er
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distributing mainly in the ra aﬁa,to 100 angstrons and a grain size of

3 mcroneter, and silica sol nder. Activated cl
physi cal adEGNIKIB02EG ity cor’rpar:a ,JHmat of activated cha§§{}3ﬁsw th

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 sanme was: synthetic zeolite : kaolinite : silica

- J0%: 25%: 5% |n thg Secondh f hahahgPOnt iipis 3101 tkhe hdigkness ef
activated clay |ayer was 10 mcroneter,, and the, wei osition,of the
same was: activat 8UDBPEjET SO SAPPOFA®RNE Afy,ad $PB@?%t nﬁ?F?éP 688t i ons

fﬁlﬁhgngi fitlbf . H‘g%‘i‘@‘t?{&fd&f &ﬂ%lhziﬁefl hEelfolrilealbduﬁ ﬂﬁﬂgmeflgang liter.

| ayer i's about 90§°BLr tEachs .%}@% e EatfRetoctar T RESaRbind | BREES Rl gne .

while in the secopgghinliteimpurities 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
inorganic 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.

8. 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
pélletized 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.

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

10. A filter as claimed in any one of claims 6, 7,
8 and 9, wherein said supporter is formed into the
honeycomb structure.

11. A filter provided with a casing which is charged

I‘hls Sheet Has Been Replace
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portion, the sane is about 9g per

por i on 3115 TR ORRM A ot C‘Wﬂmﬂﬂﬂm@fd* “yntheti ¢ zedidE

for the first filter portion 31lla tchet

ng about 1/10 of the

out 3. 6%of the entire

;
used

| atter. This is because adsorption and desorption of noisture by synthetic

zeolite are less influenced by the change of the relative humdity,

the relative hum ity §RYdrént h& 1R QAW basbeBanitMhi¥eNGRdpe
conparing with the case giﬁu3|nggﬁc1|v t ed Uggcoq} as, an adsor.bent.

However, an inorg8fhi & B®

beWrTelchs o1me

so t hat

d¢llatdzing a AidtygRi 1 c

in itself, and ofhawsladsofpti adsanyidgsgarkba’ of ganiist inpuedrpasabl e

with activated charc

l.
the quantity of agppggﬂgﬁdcfﬁb @re @

so that it i referabl e and jhecessar

to.l essen

byest oFRBREBES AReah FaPLKERRICE.
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previously nmentioselstBmieeands DBP hiadelre ngddriimorefamirgasubsitapeei ties
which are detected,0n,tngy31143°800hdd03P3h 5868 s°8R9a5 o Imblig idibs

circulating in the

12.
N
13,
NP
14.
This Sheet Has Been

and an effective pore diameter larger than that of
zeolite.
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. _

‘A filter as claimed in any one of claims 6, 7,
8, 9, 11 and 12, 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 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.

A filter as claimed in any one of claims 6, 7,
8 9, 11 and 12, wherein a main component of said
inorganic substance adsorbing gaseous organic
impurities and having an effective pore diameter
larger than that of zeolite, is porous viscous clay
mineral, diatom éarth, silica, alumina, mixture of

silica and alumina, aluminum silicate, activated

[T



cl ean room These inpurities “G the first filter portion
31lla having_a nthetic zeoli Ei ﬂ FTNK98002/ SG
84/ 102 ﬁ%ﬁ%@ﬁ? si | oxane ﬁu "ﬁ”l can be not rem)ve(?stﬁ/oz he

first filter portion 311la but. renoved by the second filter portion 311b,
have a considerably smaller concentration in the air than DOP and DBP, and
their quantity as detected on the substrate surface is snmaller than DOP and

DBP. Accordingly, 4 HQ%1%%QQH‘%%fﬁué“%?é@%‘“bf'?y et or thbpesgcond filter
portlon 311h can be nuc ess
15. filter as clalmed in claim 14, wherein said
porous viscous clay mineral is hydrated magnesium
silicate clay mineral, activated clay, acid clay,
activated bentonite, or a complex of micro-crystal of
aluminosilicate and microscopic particles of silica,
or is mixture thereof.
16.. A filter as claimed in any one of claims 6, 7,
8 9, 11 and 12, wherein said inorganic substances
includes an inorganic adhesion assisting agent.
. 17. A filter as claimed in claims 16, wherein said
L adhesion assisting inorganic agent includes at least
sodium silicate, silica, or alumina.

18. 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

immersing said supporter in said suspension and then
drying it, thereby forming an adsorption layer on the
surface of said support. |

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

immersing said supportép in a suspension in which
there are dispersed powder of zeolite and powder of an
inorganic substance as a binder and then drying it,
thereby forming the first adsorption layer on the surface
of said supporter;

and immersing said supporter already having said
first adsorption layer in a suspension in which there is
dispersed an inorganic substance which has ability to
adsorb gaseous organic impurities and an effective pore

This Sheet Has Been Reﬁaced




synt hetic zeo

lite us](cadfor th @'&W i lter portion 3lla. Fig. 41 is
a perspective view of a stora ﬂjﬂlLﬂﬂl constructed or ed in
a cl ean rooPTDIEIBUNR/Bfe ceil | ’ filter 311 accordi n8§’3-8 t he
invention is installed along with a fan 583,*a HEPA filter 594. Another fan
595 takes in the air of clean room590 into the storage conpartnent 591

froma cl ean

is further cl
with the clea
adsorption ab
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predetermined air c1rcu1at10n path, wherein said air
circulation path is provided with such a filter as
recited in any one of claims 6, 7, 8, 9, 11 and 12, and
another filter which is disposed downstream from said
filter is used for removing particulate impurities
contained in the circulating air.

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. _

A filter as claimed in claim 21, wherein said first
filter portion includes a base filter media as an
adsorbent supporter to which 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.

A filter as claimed in claim 22, wherein the supporter
of said first filter portion is immersed in a suspension
in which synthetic zeolite is dispersed, and then dried,
thereby synthetic zeolite being firmly fixed to the
surface of said supporter, and the supporter of said
second filter portion is immersed in a suspension in

which an inorganic adsorbent is dispersed, and then dried,

thereby said inorganic adsorbent being firmly fixed to
the surface of said supporter.
A filter as claimed in claim 22, wherein pellets

AN
21.
22.
23.
24.
- This Sheet Ha
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manner as preV|oust mentioned, the test |ece was first rinsed and dri ed,

ely e to th u ﬁﬂ H wor ki ng space 597 f
ﬁﬂ?ﬁKp act a H w d! Thi s 3-day exposuﬂf@(}%
a

and i rmedi a
days, and t

repeated every 15 days i.e. r|nS|ng

measur ement

as nentioned before. The storage conpartnment 591 was constructed mnth

material s whi clogener agfhe%%z@rg%ltq,éﬁmurbE?ﬁSlc‘)ﬁ'&FMnL&I ’

IS no pOSSIbI|Ity t hat

y exposure - contact angle
rinsing - 3-day exposure - contact angle neasurenent -
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wor ki ng space £4¥mdyt Eized atfgatbéoﬁgpapgaﬁrcsur acepddBeobises filter

85/ 102
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26.

217.

28.

portion, and pellets formed by pelletizing said
inorganic adsorbent powder are firmly fixed to the

“supporter surface of the second filter portion.
25.

A filter as claimed in claim 22, wherein said
supporter is divided into two regions by an imaginary
boundary 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 pellet1z1ng said inorganic adsorbent or powder

thereof are flrmly fixed to the surface of the other of

‘'said two regions, thereby forming the second filter

portion.

A filter as claimed in claim 23 or 24, 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 talc, kaolin mineral, bentonite, sodium silicate,
silica, and alumina.

A filter as claimed in any one of claims 21, 22, 23,

24 and 25, wherein said inorganic adsorbent used for said

second filter portion is at least one of diatom earth,
silica, alumina, mixture of silica and alumina, aluminum
silicate, activated alumina, porous glass, hydarated
magnesium silicate clay mineral, activated clay, and
activated bentonite.

A filter as claimed in any one of claims 21, 22, 23,
24 and 25, 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

——
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| mpurity source. The air inside the working space 597 was fl owed

o1, an'unadrrR8EPoZE on TR MRS, "2 her " vack 103cHE® °
ceiling portion 604. 1n the stdrafe tonbartmént, the air was circul ated at

a rate of 20nferr]/mn. In order to forn1necessary adsorption | ayers for
filtering this circulating air, synthetic zeolite of 2kg was used for the

first filter peiis3n klgs%ofbetﬁéﬁt(ﬁrz %%J/gWPH SHedl: Yﬁ@%lﬁjf%ycé)fofo 2kg

. was used for th; secon ortion 311 ﬂ%@n ity of
the clean roomtaerPsne g nF?béWS@%%é@ﬁ&rﬂ&g’@ ES M HB mSEE> as

0.8nferr]/mn. th\éhls@BeSéﬁr@éldQfOIAe%dqfsttﬂ%tﬁrwtlnoi:hbhﬁaﬁgéCdlf atg R air
598, and the aébo 3@|%%Ient to that which was taken in, was exhausted out
6

of an air outl f®Mt al capacity of . the storage conpartnment was
12nferr], a@@.a A filter as claimed in any one of claims 21, 22, 23,

24 and 25, wherein said supporter is formed into the
honeycomb structure.
30. A filter as claimed in c¢claim 21, 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
gwf 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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rate of air circulation was set as 100 tinmes per hour. For conparison
study, the above 3-day, exposure test was also performed with rega t he
case where tﬁgﬁN&QSPﬁyﬁl is constituted only with the first fil t@%/i@?t i on
31lla. Still further, the above 3-day exposure test Wwas carried out with

respect to the case where no filter 311 is installed on the storage
conpartnent. This neans that gaseous organic inpurities may enter in the

storage com%ygﬁg?gtvgfr54§cpgyuf moval thereof. Through the

experinents by the 1nventors, ;it has been statjstically determned that a
contact angle of BMepAl ¢heapéndgePPATARUE He¢lheih & Rdeal FaeR &F thee test

Ppi ng. andl a lﬁ?{ee heptiglg %rrPFaLiQ’f cQ%m%itdiﬁhﬁQﬂlamfﬁh fﬁgﬁ%}{ ic’l&*dt{lates he-

e ot el y L St LATLE0 BN LORL Pt ey |1 SLde o pciabiaig the

t hat keepi ngixradrdtaicdn apglth, ofwhessin haheb asf t ed richd atliore Bathy iexposure

test s a reQuly &l ki858 T3 06 Fhi BSOS RPN BhobY c%eolite layer
formed on its base filter media surface and another filter
which is disposed downstream from the filter having a
hydrophobic zeolite layer and is used for removing
particulate impurities contained in the circulating air.
According to this air cleaning apparatus, gaseous organic

- impurities and particulate impurities contained in the air

circulating in the air cleaning apparatus can be removed
without lowering the humidity of the circulating air.
Furthermore, since this air cleaning apparatus includes no
activated charcoal which is inflammable, the appafatus is
excellent from the standpoint of disaster prevention.
Accordingly, the filters according to the invention and
particle filters can be installed with safety in the ceiling
portion of the air cleaning apparatus.



products in the storage conpart nment fron1be|ng deteriorated by gaseous
organlc i mpurity contam nation. FTNK98002/ SG

86/ 102 - Fig. 42 is a graph showi ng results of contact angle
measurenent, nore specifically the contact angle change with the passage of
time after the 3-day exposure test repeated every 15 days in the air of the
wor ki ng space 597, which is filtered by: (A the filter 311 forned of the
first and.second filter portions 311la and 311b accordlng to the invention,
(B) the filter forned of only the filter portion
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311a, and (C) no special neans taken agai nst gaseous organic -inmpurities.
As will be understood fromthe Fig. 42, the test piece exposed to the air
filtered by (C) increased its contact angle from3[err] (imediately after
rinsing) to 29[err] - 33[err] after the first 3-day exposure test. In case
of exposing the test piece to the air filtered by (A);, the contact angle
was kept |lower than 4[err] after the first 3-day exposure test. Wth the
passage of time, however, the adsorption ability of the filter 311 went
~down gradually, so that there was increased the concentration of gaseous
organic inmpurities contained in the air passing through the filter. In

ot her words, the contact angle of the test piece exposed to the filtered
air for a preset period of tine, was increased with the passage of tine the
air passes through the filer 311. However, it wll be understood fromFig.
42 that it took about PLﬁmﬁ until the contact angle of the test piece

. exposed to the air filt d Dy (A increased up to 6[err] , even when the

3- day .
1
\
w
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35d



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[err]
even in the first -3-day exposure test, and only 2 nonths was needed for the
contact angle to becone 6[err] In order to clarify this cause in
detail, another conparison study was mnade as follows. That 1is, the
prevention effect against surface contam nants caused by 4 kinds of gaseous.
organic inpurities, DOP, DBP, BHT, Derr] (decamethyl cyclopenta sil oxane)
was exam ned by using anot her storage conpartnent 591' as shown in Fig. 43.
Nbre FTNK98002/SG 87/ 102

FIG. 3
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FIG. 4




specifically, two cases were conpared with each other, nanely the first
case in which the filter 311 (conbination of first and second filter
portions 31l1la, 311b) according to the invention was installed on the intake
opening 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 flow path in the storage conpartnment 591
(Fig. 43) was different fromthat in the storage conpartment 591  (Fig.

41). The air in the working space 597 in Fig. 43 flowed through grating
panel s 601, an under-floor portion 602, and an air exhaust opening 600

al ong arrows as shown. In other words, the air flow path as shown in Fig.
43 is equivalent to the case where the circulation path shown in Fig. 41 is
~closed in part so as to allowthe air to flowin one direction w thout

- maki ng any circul ation. Concentration of inpurities asggse? for the
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test is several tens ppb for DOP and DBP, and several ppb for BHT and
Di-err], respectively. In the test, the test piece was exposed,

i mmedi ately after being rinsed, to the air in the clean room 590 and to the
air of the storage conmpartnment 591' for 4 hours each, and the prevention

ef fect against the surface contam nation was evaluated fromthe quantity of
contani nants DOP, DBP, BHT, Dlerr] detected on the test piece surface, of

which the results are shown in_ Table 7. ~Table 7
Gaseous - lerr] filter 1st filter only | npurity
+2[err] filter _ : DOoP 99% or nore 99% or nore -
Protection . DBP . 95% - 95% Efficiency - BHT
90% : 35% :
FIG. 6 - .
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D err] 90% 40% A 4-inch dianeter silicon wafer.’
of p-type was used for FTNK98002/ SG N '
88/ 102 t he above eval uati on. Measurenent and anal ysis of organic
subst ances deposited on the silicon wafer were perforned by using an

el evated tenperature gas desorption device and GC-Ms in conbination. The
protection efficiency of the filter against the surface contam nants is
~determ ned by neans of gas chromatograph as foll ows.
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The protection eff|C|ency (1 - (B/A)) x 100 (% VWher e A:. Peak
area of the organi ¢ contam nant detected on the wafer surface placed in the
clean roomair, and . B: Peak area of the organic contam nant detected
on the wafer surface pl aced in the storage conpartnent air. As wi ||
be apparent from Table 7, two of DOP and DBP anong 4 ki nds of gaseous
organic inpurities have a nol ecul ar size of |less than 8 angstrons, so that
they are al nost renoved by the first filter portion 31l1la, which includes a
| ayer formed of synthetic zeolite having an effective pore diameter of -8
angstronms. However, both of BHT and Dlerr] have a nol ecul ar size of nore
than 8 angstronms, so that they can not be removed by the first filter
portion 31la, but can be renoved by the second filter portion 311b, which
includes a layer fornmed of ‘activated clay of which the effective pore
dianeter is mainly distributed in the range of 20 to 1000 angstrons.

Accordingly, as mﬁ!l be appar ent froniTab!e.7,.'
"FIG. 8
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in order to achieve nore reliable protection of substrate surface agai nst
organic inpurities contained in the clean roomair, it is inevitably
required to provide, upstreamor downstreamfromthe first filter portion
31la, such a filter as the second filter portion 311b which includes an
adsor bent | ayer capabl e of adsorbing gaseous organic inpurities and is
formed of an inorganic material of which the effective pore dianeter is

| arger than that of synthetic zeolite. Single use of the first filter °
portion 31la can not make it possible to realize the reliable substrate
surface protection, because synthetic zeolite fails to adsorb nol ecul es of

which the size is larger than the effective pore FTNK98002/ SG
89/102 : - A :
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di anmeter of synthetic zeolite. - The followng is a reason why it is
preferable to sel ect hydrophobic synthetic zeolite having an effective pore
di aneter larger than 7 angstrons. There has been described so far
about organi c 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 it is nore or less naturally oxidized in
the air, thus a silicon dioxide filmbeing naturally forned on it. - As a
result, its surface becomes hydrophilic. Also, it is known that gl ass
substrate handled in the clean roomor the |ike shows a hydrophilic nature.
because so is glass in itself. O ganic substances contained in the

at nosphere, whi ct bt ati@at es t he hydrophilic surface of a silicon wafer’
covered with a ' ‘ : : :
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Si filmor glass substrate, can have a hydrophilic?group capable of
readily making a bond with the hydrophlllc surface. Actually, the
above-nmenti oned organi c substances causing the surface contam nation are
hydr ophobi ¢ pol yners, of which each has a high boiling point and incl udes
such a chemical structure as the double bond or benzene ring of carbon and
a hydrophobic group, too. At the sane tine, these polyners may al so i ncl ude
a hydrophilic group causing thé hydrophilic surface to be contam nated. -
However, once the clean hydrophilic surface of the silicon wafer or glass
substrate has been contam-nated with these organi c substances, the :
cont am nat ed hydrophil.ic surface portion is converted into a hydrophoblc
surface portion. Since the converted hydrophobic surface easily nakes a
bond with the hydrophobic group of the above hydrophobic organic substance,
the surface contanination by organi-c substances rapidly proceeds and comes
to forma nultiple hydrophoblc mol ecul ar Iayer eventual |l y.
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As described in the above, the organic substances (a polynmer with a high
boi ling point) causing the surface contam nation, include a hydrophobic
group, so that it is FTNK98002/ SG

90/ 102 preferabl e to select hydrophobic zeolite as an adsorbent because
of its having affinity fof 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 .

FIG. 12
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"~ because of its having affinity for a hydrophilic group. In case of using
hydr ophobi ¢ zeolite, it |ess adsorbs noisture in the air conparing to
activated char.coal and hydrophilic zeolite. Consequently, porous structure
of hydrophobic zeolite can be advant ageously used for adsorbi ng gaseous
organic inpurities without largely losing its adsorption capacity for
adsorbi ng noi sture. Therefore, the |life of hydrophobic zeolite as an-

adsor bent of organic substances is elongated by far conparing to activated
charcoal and hydrophilic zeolite which have a simlar porous structure. On
one hand, activated charcoal and hydrophilic zeolite are apt to largely
spend the adsorption capacity of ‘their porous structure for "adsorbing
noisture in the air, and only the remai ning adsorption capacity is used for
- adsorbing organic substances. As-a result, their |life as an adserbent of
organi c substances naturally becones shorter than t hat of hydrophoblc
zeolite by the caqumgy spept flor nnlsture adsorption.
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The noi sture adsorption characteristic of synthetic zeolite will now be

di scussed returning to Fig. 27, in which there is shown a noisture
adsorption isothermof hydrophilic synthetic zeolite with an effective pore
di aneter of 10 angstrons, neasured at an anbient tenperature of 25[err]C
Hydrophilic synthetic zeolite with an effective pore dianeter of 10

angstronms shows .a considerable | arge saturated noisture adsorption quantity . -

of 0. 262cc/g at.the relative humdity of 20% However, this quantity
is increased only.by 0.02cc/g even if the relative hun1d|ty rises from 20%
to 50%. This corresponds to only 27% of the increase quantity in the case
of. activated charcoal. As will be understood fromFig. 27, even though a
fresh filter of o ' J '

-

FIG. 14
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FTNK98002/SG _ ' 91/ 102 t he

I nvention |nclud|ng a synthetic zeollte adsorptlon | ayer which has been
stored in.the air with a relative hunmdity of nore than 20% is transferred
to and installed in a clean roomof which the air is controlled so as to be
kept at a relative humdity of 50% the synthetic zeolite layer will hardly
adsorb the noisture which is controlled upstreamfromthe filter. .
Therefore, different fronmthe case of the conventional chemcal filter,
there is no possibility that the fresh filter installed in the clean room
causes such inconvenience that it lowers the relative humdity of the clean
room exceedi'ng the preset val.ue even at the early stage of installation

t her eof . - As- has been described so far, the invention has been

FIG. 15
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di scussed in terns of a clean roomand a storage conpartnent as a- snall
sized auxiliary clean room which are generally used in the manufacturing
process of LSI' s and LCD s. However, the invention should not be limted
to various exanpl es as nentioned above. The invention is applicable to a

| ocal clean roomwhich is called 'mni-environment,' clean benches, clean
chanbers, clean conveyers for transporting clean products, and other air
cleaning itens in various scales. Also, the invention nay be nodified in
conpliance with various operational and environnental conditions. such as an
air volune to be filtered, a ratio of ‘the intake volune of the outdoor air
to the air volume circulati.ng in the clean robn1_existé%mxk, =
organic inpurity source inside the clean room: etc. Needl ess to §
is no need for the object gas to-be limited only to the air.
such as nitrogen, argon, etc. may be purified by the filter o
i nvention, thereby producing inert gases nost suitable for pr
LSI's and LCD s. . - :

ay, there
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For instance, it is now expected that the manufacture of DRAM s of

256- negabit and/or 1l-gigabit would start in 1999, using a gigantic silicon
wafer with a dianmeter of 300mm In case of the apparatus used for. -
manuf act uri ng such a sophi sticated senm conductor device, after introducing
and FTNK98002/ SG . - - _ - 92/102 . .
setting the silicon wafer in a chem cal reaction chanber of the apparatus,

an inert gas such as highly purified nitrogen or argon is adequately. -
supplied to the chem cal reaction : -

FIG. 17(a)
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chanber froman inert gas source so as to fill it up therewith, before
initiating predeterm ned various chemical reactions with the silicon wafer
inside the apparatus. The. inert gas itself is so highly purified that there
"is no possibility that it contam nates the surface of ‘the silicon wafer. In
order to control supply of the inert gas, however, a valve is provided

bet ween the chem cal reaction chanber and the |nert gas- supply source.
Therefore, there is the possibility that the valve mght work as a source
of gaseous organi c substances. Accordingly, if the filter of the invention
is provided on way of the gas flow path i. e. hetween the valve and the
chem cal reaction chamber, it would renove various gaseous organic
cont am nants whi ch m ght be generated by the valve, thereby contributing to
t he prevention of the surface contam nation and to enhancenment of product
quality as well. Possible Application of | nvention in Industries |
According to the invention, in case of protecting the substrate surface
treated in the clean roon1fron1be|ng
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contam nated w th gaseous organi c substances in the air, since there can be
renoved both of gaseous organic inpurities such as DOP and DBP havi ng a

nmol ecul ar size of less than 8 angstrons and gaseous organic inpurities such
as BHT and sil oxane having a nol ecul ar size of nore than 8 angstrons.
Accor.di ngly: . A The invention nake it possible. to produce the clean
air which is suitable for nmanufacture of sem conductor devices and LCD s,
and fromwhich there is renoved gaseous organic ~ substances causing the
substrate surface contam nation. °~ - B. In the manufacture of '

sem conductor devices and LCD s, the above clean air is used for
constituting the anbi ence of the clean room’'in which the substrate surface
i s handl ed bei ng exposed thereto, so that the substrate -

FIG. 19




FTNK98002/ SG 93/102 . surface is
protected from bei ng contam nat ed. Furthernmore, according to the '
invention, zeolite i.s enployed as an adsorbent for adsorbing gaseous
organic inmpurities having a nol ecul ar size of less than 8 angstrons, and
properly sel ected various inorganic substances are enployed solely or in
conbi nati on as an adsorbent for adsorbing gaseous organic inpurities having
a nol ecul ar size of. nore than 8 angstrons. Accordingly: A. The
invention provides a filter which includes no inflammabl e constituents.
Therefore, the clean roomwhich is constructed with this filter, is
superior to that which is constructed with conventional activate charcoal
filter, - ' 3 '
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fromthe standpoint of fire prevention. B. Furthernore, the invention
can provide a filter which is formed of materials which do not generate any
gaseous organi c substances causing the substrate surface contam nation.
Therefore, the clean room which is constructed with this filter, is
superior to that which is constructed with conventional activate charcoa
filter, fromthe standpoint of perfectness in prevention of substrate
surface contam nati on. C. Still further, the invention can provide a
filter which hardly adsorbs noisture in the air and maintains its ability
to adsorb gaseous organic inmpurities for a long period of tineg,

conparing the conventional activated charcoal filter. Therefore, the

cl ean room which is constructed with this filter, is superior to that which
is constructed with conventional activate charcoal filter, fromthe
standpoi nt of easiness in humdity control of the clean roomand al so

FIG. 21
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fromthe standpoi nt of el ongated I|fe time thereof. . Use of synthetic
zeolite as-an adsorbent nakes the filter very rmuch safe from'the st andpoi nt
of fire prevention, conparing to activated charcoal which is classified in
an inflammuabl e material group according to the fire laws. If the filter is
formed so as to include a honeyconb. structure FTNK98002/ SG _
94/ 102 to the surface of which synthetic zeolite is firmy fixed, its
vent resistance-against the air passing therethrough i s made so smal”

Synt heti c Zﬁ?ét hé(d )5 adsor bs noi sture in
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so that the humidity

the air when the relative hunidity is nore than 20%

contr ol

I's scarcely

provi ded upstreamfromthe filter

by a humdifier

t hus the

di sturbed with the noisture adsorption -of synthetic zeolite,

humi dity control
What

of the clean room becom ng nuch easier.
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1. An air cleaning apparatus such as a clean room or the
like having. an air «circulation mechani sm whi ch circul ates the

hum dity controlled air through a predeterm ned air circulation path,
wherein said air circulation path is provided with a filter which has
a hydrophobic zeolite | ayer formed on its base filter nedia surface by
usi ng an i norgani c substance as binder, said inorganic subst ance
having ability to adsorb gaseous organic impurities and having an
effective pore dianeter | arger than that of zeolite, and another
filter which is disposed downstreamfromsaid filter havi ng a
hydr ophobi c zeolite layer and is used for . renovi ng particul ate
impurities contained in the circulating air. 2. Appakmt us as
claimed in claim1} wherein the base filter media of said ﬂirier '
havi ng a hydr @phobi ¢ | ayer .thereon is formed into a
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honeyconmb structure and said Hydrophobic zeolite - | | ayer is f|rn1y flxed

to the surface of the honeyconb structure. 3. Apparatus as
.claimed in claim2, wherein sai d hydrophobic zeolite layer is formed
by i mrer si ng sald honeyconb structure in a suspension in which
hydr ophobi c zeolite powder is dispersed, and then drying it. 4:
Apparatus as clainmed in claim2, - wherein ‘sai d hydrophobic zeolite
| ayer is.fixed to the honeyconb structure by nmeans.of an adhesive. 5.
Apparatus as clainmed in any one of clainms 1, 2, 3 and 4, wherein Sald
hydr ophobi ¢ zeolite has an effective pore di ameter of 7 angstrons .or
nore. 6. An air cleaning apparatus such as a clean
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96 room or the Ilike having an air circulation ~ mechani sm

which circulates the humidity controlled - air through a predeterm ned
air circulation path, wherein said air circulation path is provided
W th a filter having a base filter nedia as a supporter for
supporting an adsorbent, zeolite as the - adsorbent for adsorbing
gaseous organic inpurities contained in an object anbience, is firmy
fixed - FJ tﬁ%jﬁurfaee of said supporter by using an i norgani c
subst ance as Dbi nder, said inorganic substance having ability to adsorb -
gaseous organi c- V.4V rTtTes and navimg am ef fective pore darpnet er
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| arger than that of zeolite, .and another filter whi ch- i s di sposed

downstreamfromsaid filter is used for renoving particul ate
inmpurities contained inthe circulating air. 7. . CAn air

- cl eaning apparatus such as a clean room or the Ilike having an
air circulation mechani sm which circul ates the humdity controlled
air through a predetermned air circulation path, . Wherein said air
circulation path is provided with a filter having a base filter nedia
as a supporter for supporting an adsorbent, the first adsorption
| ayer is formed by firmly fixing zeolite as the adsor bent for .
adsor bi ng gaseous organic inpurities contai-ned in an object anbience
to the surface of . said supporter with the help of an -inorganic
substance as a binder, and the second adsorption | ayer is forned by
firmy fixing another inorganic ~ substance to the surface of said first

‘adsor ption

 FIG. 28
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| ayer, said another inorganic substance " having ability to adsorb

gaseous organic inpurities and havi ng an effective pore ‘di aneter
| arger than that of zeolite, and another filter which is disposed
downstream fromsaid filter is used for renoving particul ate
I mpurities cont ai ned in the _ 97
circulating air. 8. An air cleaning apparatus such as a clean
room or the Ilike having an air circulation.
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mechani sm which circul ates the humdity controlled cair through a

predeterm ned air-circulation path, wherein said air circulati.on path
is provided with a filter having a base filter nedia as a supporter

- for supporting an adsorbent, =zeolite as an . adsorbent for
adsor bi ng gaseous organic inpurities - contained in an object anbience,
Is pelletized by- . using an inorgani c substance as a binder, and the
resultant zeolite pellets are firmy fixed to the surface of said .
supporter, said inorganic substance having ability to adsorb gaseous
organic inpurities and an effective porg.di er |arger t han
that of zeolite, and another filter which is dijsposed downstream from
said filter is used for - rénovi ng particul atefi npufifti es contained in
the - circulating air. 9. An air clea gparatus such as a
cl ean :
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room or the like having an air circulation mechani sm whi ch

circulates the humdity controlled air through a predeterm ned air
circul ati on path. wherein said air circulation path is provided with
a filter having a base filter nedia as a supporter for supporting an
adsorbent, zeolite as the adsorbent for adsorbing gaseous organic
inpurities contained in an object anbience, is pelletized by
usi ng an inorgani c substance as a binder, and the resultant zeolite
pell ets are coated w th another i norgani ¢ substance having ability to
. adsorb gaseous organic inpurities and an effective pore di anet er
| arger than that of zeolite, and another - filter which is disposed
downstream from sai d filter is used for renoving particul ate
inmpurities : '
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98 contained in the circulating air. 10. An air cl eaning
apparatus such as a clean roomor the like having an air circulation
mechani sm which circulates the humdity controlled air through a
predeterm ned air circulation path, wherein said air circulation path
I's provided with - a filter provided with a casing which.is charged-

wi th an adsorbent, said adsorbent has a shape of a pellet which is
formed by pelletizing a m xture of ~zeolite for adsorbihg gaseous -
organic inmpurities - :
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havi ng

11,
roomor the like having an air circulation

and another filter which is
a filter provided with a casing which is charged

contained in an object anbi ence and an inorganic:
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| arger than-that of

substance as a
whi ch is disposed downstream from said

is further coated with

substance which has ability to adsorb gaseous
renovi ng particul ate -

FIG. 35(b)

pel | et
‘used for
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FIG. 35(a)

and said resultant zeolite

i norgani c
"and another filter

is

contai ned in an object anbience and an i norganic
i mpurities contained

organic inpurities and an effective pore diameter

bi nder,
anot her
zeolite,
filter
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in the circulating air.

FIG. 37
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95 Replacement Sheet : 6 July 1999

What is claimed is:

1. An air cleaning apparatus such as a clean
room or the 1like having an air -circulation
mechanism which circulates the humidity controlled
gir through 8 predetermined air circulation path,
wherein said air circulation path is provided with
a filter which has a hydrophobic zeolite layer
formed on its base filter media surface by using
an inorganic substance as binder, said inorganic
substance having ability to adsorb gaseous organic
impurities and having an effective pore diameter
larger than that of zeolite, and another filter
which is disposed downstream from said filter
having a2 hydrophobic zeolite layer and is used for
removing particulate impurities contained im the
circulating air. '

2. ‘Apparatus as claimed in claim 1, wherein the
base filter media of said filter having a
hydrophobic layer thereon is formed into a
honeycomb structure and said hydrophobic zeolite
layer is firmly fixed to the surface of the
honeycomb structure.

3. Apparatus as claimed in claim 2, wherein
said hydrophobic zeolite layer is formed by
immersing said honeycomb structure in a suspension
in which hydrophobic zeolite powder is dispersed,
and then drying it. '

4. Apparatus as claimed in claim 2, wherein
said hydrophobic zeolite layer is fixed to the
honeycomb structure by means of an adhesive.

5. Apparatus as claimed in any one of claims 1,
2, 3 and 4, vherein said hydrophobic zeolite has
an effective pore diameter of 7 angstroms or more.

6. An. air cleaning apparatus .such as a clean
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. 96 Replacement Sheet : 6 July 1999 -

room or the like having an air circulation
mechanism which circulates the humidity controlled
air through a predetermined air circulation path,
wherein said eir circulation path is provided with
a filter having a base filter media as a supporter
for supporting an adsorbent, zeolite as the
adsorbent for adsorbing gaseous organic impurities
contained in an object ambience, is firmly fixed
to the surface of said supporter by using an
inorganic substance as binder, said inorganic
substance having ability to adsorb gaseous organic
impurities and having an effective pore diameter
larger than that of zeolite, and another filter
which is disposed downstream from said filter is °
used for removing particulate impurities contained
in the circulating air.

7. An air cleaning apparatus such as a clean
room or the 1like 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
a filter having a base filter media as a supporter
for supporting an adsorbent, 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 inorganic
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, and another filter which is disposed
downstream from said filter is used for removing
particulate impurities contained in the
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97 Replacement Sheet : 6 July 1999

circulating air.

An air cleaning apparatus such as a clean
room or the 1ike having an air circulation
mechanism which circulates the humidity controlled
air through 8 predetermined air circulation path,
wherein said air circulation path is provided with
a filter having a base filter media as a supporter
for supporting an adsorbent, 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, and another filter which is
disposed downstream from said filter is used for
removing particulate impurities contained in the
circulating air.

An 3ir cleaning apparatus such as a clean
room or the 1like 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
a filter having a base filter media as a supporter

_for supporting an adsorbent, zeolite as the

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 coated with another

_inorganic substance having ability to adsorb

gaseous organic impurities and an effective pore
diameter larger than that of zeolite, and another
filter which is disposed downstream from said
filter is used for removing particulate impurities
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98 Replacement Sheet ; 6 July 1999

contained in the circulating air.

An air cleaning apparatus such as 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
a filter provided with a casing which is charged-
with an adsorbent, 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, said inofﬁanic' substance
having ability to adsorb gaseous .organic
impurities and an effective pore diameter larger
than that of zeolite, and another filter which is
disposed downstream from said filter is used for
removing particulate impurities contained in the
circulating air.

An air cleaning apparatus such as a clean
room or the 1like having an air circulation
mechanism which circulates the humidity controlled
air through s predetermined air circulation path,
wherein said air circulation'bath is provided such
a filter provided with a casing which is charged
with an adsorbent, 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, and another filter
which is disposed downstream from said filter is
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used for removing particulate impurities contained
in the circulating air.
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57) Abstract

7 A cleaning apparatus provided with a mechanism for circulation of an air, of which humidity is controlled, characterized by a filter
provided with zeolite and having a permeability, and a particle removing filter provided downstream of the filter for removing particulaie
impurities, the both filters being disposed in an air circulation path. The cleaning apparatus can remove gaseous organic impurities contained
in an air circulating therein without decreasing a humidity of the air. Since the cleaning apparatus does not make use of activated charcoal
which is combustible, it is excellent in disaster prevention, and enables arranging of the filter and the particle removing filter in a roof
section of the cleaning apparatus.
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